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Nitrogen is the most important nutrient for plant growth and development. This is due to the 
reason that nitrogen is a key constituent of amino acids, nucleic acids, lipids and chlorophyll. 
Stress caused by nitrogen deficiency has a large impact on plant growth and development. In 
most plants, older leaves become chlorotic and eventually fall off if nitrogen stress is not 
relieved. Chlorophyll concentration is important to determine the nitrogen concentration in a 
plant as nitrogen is a constituent element of chlorophyll and also of various proteins that are a 
part of the photosynthetic apparatus. Cytokinins are said to mediate nutrient information status in 
plants, especially that of nitrogen. The purpose of this research was to measure chlorophyll and 
cytokinin concentrations to compare the response of Plectranthus parviflorus and Plectranthus 
ambiguus to nitrogen stress as well as to sufficient nitrogen and to determine if cytokinins were 
the reason behind the difference in their response. It would be expected that P.parviflorus would 
have higher concentration of cytokinins at 0 N as this plant does not lose its leaves and re-greens 
upon re-introduction of nitrogen. Both the species were grown in hydroponics for 6 weeks for 
each experiment. The plants received either 0 mg/L N or 150 mg/L N for week 1 to 3 and then 
there was a switch of treatments with plants receiving either 0-0 mg/L N, 0-150 mg/L N, 150-
150 mg/L N or 150-0 mg/L N. Leaves were traced to determine leaf area and then assayed to 
determine chlorophyll and cytokinin concentration of the plants. At the end of the experiment 
plants were harvested, dried in an oven and their dry weights were measured.  
The chlorophyll concentration in plants of both species receiving 0 mg/L N decreased while 
those receiving 150 mg/L N increased. Also when the plants were switched from 0 to 150 mg/L 
N they showed an increase in chlorophyll concentration in both species while those switched 
from 150 to 0 mg/L N showed a decline in their chlorophyll concentrations. Thus, in general, for 
both species chlorophyll concentration increased when sufficient nitrogen was given to plants 
while, it decreased when plants were grown under nitrogen stress. Plectranthus ambiguus always 
had a higher chlorophyll concentration than Plectranthus parviflorus throughout the experiment. 
Concentrations of the biological precursors, physiologically active and storage forms of  
cytokinin were lower in plants growing under 0 mg/L N while those plants growing under 150 
mg/L N had higher concentrations. Thus when P.ambiguus plants receiving 0 mg/L N lost its 
leaves or when P.parviflorus plants receiving 0 mg/L N stopped its growth, all of these forms of 
cytokinins were present in low concentration in the plants.  It was also observed that when 
during nitrogen stress P.ambiguus shed its leaves while P. parviflorus did not. Thus, there was 
no key difference in their respective cytokinin concentrations. It therefore can be concluded that 
the cytokinin concentration alone is not responsible for the difference in the response of these 
two species to nitrogen stress. 
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                                                Introduction 
Common Swedish ivy (Plectranthus parviflorus) belongs to the family Lamiaceae (Labiatae) or 
mint family.  It is mostly a warm climate plant native to south east Africa and is commonly 
grown as a house plant. It likes shady and moist areas for growth and is easily propagated 
through stem cuttings. Unlike most ivy plants, Swedish ivy does not cling to the walls with its 
roots. Genus Plectranthus has about 350 species, most of which are grown as ornamental plants. 
Nitrogen is the most important factor for proper plant growth and development. This is mainly 
because nitrogen is a key constituent of amino acids, nucleic acids, lipids and chlorophyll. 
Nitrogen deficiency is a stress that has a large impact on plant growth and development. In most 
plants, older leaves become chlorotic and eventually fall off if nitrogen stress is not relieved.  
Plectranthus parviflorus responds to nitrogen deficiency in a very interesting manner. Its leaves 
become yellow, dormant and the growth of the plant is almost arrested. If all other nutrient 
elements are provided in required amount, then this plant can stay under stress for up to a period 
of six months without shedding any leaves (Paparozzi, data unpublished). When nitrogen is 
given to these stressed plants they re-green very quickly. Another plant of this genus 
Plectranthus ambiguus however responds differently. It starts losing its leaves after just two 
weeks of being under nitrogen deficiency. These plants will shed all their leaves in just 3-4 
weeks. On addition of nitrogen this same plant that has shed all its leaves grows new leaves from 
its axillary buds.  
As chlorophyll concentration and cytokinin concentration are well known parameters for the 
nitrogen content of plants. Chlorophyll concentration in a plant reflects the nitrogen status of the 
plant as nitrogen in a constituent element of chlorophyll and also it is a constituent of various 
2 
 
proteins that are a part of the photosynthetic apparatus. On the other hand cytokinin 
concentration in a plant decreases with nitrogen deficiency and increase when nitrogen is 
supplied again. Also cytokinins are said to mediate nutrient information status in plants. Thus, in 
this research we use these two parameters for comparing the response of these two species: 
Plectranthus parviflorus and Plectranthus ambiguus to 0 ppm N and 150 ppm N.  
Objectives: 
(1) To determine the difference in chlorophyll concentration of the two species and also within 
each species when the plants are supplied with two different nitrogen concentrations over the 
period of time. 
(2) To determine the difference in various cytokinins concentration of the two species as well as 
within each species when the plants are supplied with two different concentrations of 
nitrogen over time. 
(3) To determin the pattern of change in leaf area as the plants from both the species are grown 
under two different nitrogen concentrations. 
(4) To find out the difference in dry weights of plants receiving each of the treatments (0-0 
mg/L N, 150-150 mg/L N, 0-150 mg/L N and 150-0 mg/L N) at the end of the experiment. 
 
Hypothesis:  
The hypothesis of the experiment was that P.parviflorus plants receiving 0 N will have 
higher concentration of cytokinins, quantitatively, as compared to P.ambiguus plants 
receiving 0 N because P.parviflorus does not shed its leaves while P.ambiguus does shed its 
leaves under nitrogen deficiency. Also it was hypothesized that both plants will show a 
3 
 
decrease in chlorophyll concentration under nitrogen deficiency while there would be an 
increase in chlorophyll concentration when nitrogen is re-supplied.  
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                                              Literature review 
Nitrogen 
Being an indispensable part of amino acids, nucleic acids and lipids, nitrogen is the element 
required by the plants in greatest abundance (Taiz and Zeiger, 2006; Epstein and Bloom, 2005). 
Nitrogen is chiefly taken up by plants in two forms: ammonium (NH4
+
)
 
and nitrate (NO3
-
) 
(Williams and Miller, 2001). Plant productivity, biomass and crop yield are largely altered by the 
assimilation of these forms of nitrogen into organic forms (Hageman and Lambert, 1988; 
Lawlor, et al., 1989).  
Nitrogen assimilation 
All the inorganic nitrogen taken up by plants as NO3
-
 is first reduced to ammonia and then 
integrated into amino acids (Crawford and Arst, 1993; Hoff, et al., 1994) such as glutamate, 
aspartate and asparagine. The transport of NH4
+ 
and NO3
-
 are very different after they are taken 
up by roots (Taiz and Zeiger, 2006; Epstein and Bloom, 2005). Both leaves and roots in plants 
are capable of nitrogen assimilation but the extent of it depends upon the amount of NO3
-
. If the 
NO3
-
 concentration is low than it is assimilated in the root, but if the concentration is high it is 
assimilated in leaves (Marschner, 1995).  
Ammonium assimilation occurs in both root plastids and shoot chloroplasts (Lam et al., 1996). 
Roots assimilate NH4
+
 absorbed from the medium/soil whereas leaves assimilate glutamine 
transported from roots or that is mobilized from senescing leaves (Epstein and Bloom, 2005).  
Nitrate (NO3
-
)
 
does not have any harmful effect on plants if stored at high concentration or 
transported from one tissue to another. Reduction of NO3
- 
to NO2
- 
is the first step of nitrate 
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assimilation. This step occurs in the cytoplasm of a cell and is catalyzed by the enzyme nitrate 
reductase (Oaks, 1994).  NO2
- 
is very reactive so it is immediately transported into the 
chloroplast of leaves or plastids of roots. Here it is reduced to NH4
+
 by transferring electrons 
from ferredoxin to NO2
-
 by the enzyme nitrite reductase.  
Ammonium formed during nitrate assimilation or that taken up by roots is rapidly converted to 
amino acids (glutamate, aspartate and asparagine), proteins and nucleic acids to avoid 
ammonium toxicity. Chloroplastic enzymes glutamine synthetase (GS) and glutamate synthase 
(GOGAT) are the enzymes predominantly involved in this reaction (Lea and Miflin, 1980). NH4
+
 
and glutamate are combined by the enzyme GS to form the resultant product of glutamine. Once 
glutamate and glutamine are formed, transamination reactions lead to the formation of other 
amino acids with the help of aminotransferase enzymes (Taiz and Zeiger, 2006; Epstein and 
Bloom, 2005).  
Protein catabolism, amino acid deamination and other such biochemical processes in the plants 
release ammonia (Lea and Mifflin, 1980; Lea, 1993). Recycling of ammonia is very important 
for plants for efficient use of nitrogen assimilated previously as nitrogen assimilation reactions 
are very energy intensive (Lam et al., 1996; Epstein and Bloom, 2005). Mainly there are two 
times in a plant when large amounts of ammonia released from various biochemical processes is 
converted into glutamine or glutamate. First is during the breakdown of seed storage proteins 
during germination and second is during degradation of proteins in senescing leaves (Lea and 
Mifflin, 1980).   
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Nitrogen deficiency 
Nitrogen deficiency is generally represented by chlorosis and retarded growth of the plant. 
Chlorosis is generally seen on the older leaves as nitrogen is a mobile element and is thus easily 
relocated to younger growing parts. These leaves may turn completely yellow and fall off the 
plant if severe nitrogen deficiency persists for a long duration of time (Taiz and Zeiger, 2006).  
This chlorosis during N deficiency is the result of disruption of the photosynthetic apparatus due 
to breakdown of chlorophyll and ribulose bisphosphate carboxylase (Rubisco) (Delgado et al, 
1994). Chloroplasts contain 75 % of the nitrogen present in mesophyll cells (Peoples and 
Dalling, 1988).  Nitrogen is moved from the photosynthetic proteins to other parts where it is 
needed. Nitrogen nutrient status of the plant determines the rate of senescence and remobilization 
of nitrogen (Crafts-Brandner et al., 1996, 1998; Ono et al., 1999; Masclaux et al., 2000). The 
yellowing of leaves during chlorophyll degradation is due to retention of carotenoids and not 
synthesis of a new pigment (Matile, et al., 1999). 
Nitrogen deficiency may also result in thin and woody stems in plants. This is a result of 
accumulation of carbohydrates that have not been used for amino acid or other nitrogen 
compounds synthesis (Taiz and Zeiger, 2006; Epstein and Bloom, 2005). These carbohydrates 
may also be used for synthesis of anthocyanins, which may lead to purple coloration of leaves, 
petioles and stem of plants that are deficient in nitrogen (Taiz and Zeiger, 2006).   
Leaf senescence  
The life span of a leaf has three main phases of development. The first one is unfolding and 
expansion, where leaf serves as a sink importing carbon and nitrogen to reach maximum 
photosynthetic capacity. The second phase is when the leaf is mature and photosynthesis is 
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operating at maximal capacity. The leaf is now a source for other developing organs. This phase 
continues till an internal or external circumstance leads to the beginning of senescence, the third 
phase. The primary visual signal of leaf senescence is color change (yellowing) of the leaves, 
which is the result of degradation of chlorophyll and retention of xanthophylls and carotenoids 
(Gut et al., 1987). The process of leaf senescence can be defined as a series of biochemical and 
physiological events leading to cell death and leaf abscission (Smart, 1994).  
During senescence huge amounts of nitrogen, carbon and minerals from the leaf are mobilized to 
other parts of the plant that may need them (Himelblau and Amasino, 2001). Thus, leaf 
senescence is an evolutionary selected phase in the life cycle of a plant (Buchanan- Wollaston et 
al., 2003; Lim and Nam, 2005; Nam, 1997; Nooden, 1988 b). From agricultural point of view 
leaf senescence, particularly premature senescence is a menace limiting crop yield, causing post-
harvest spoilage in vegetables and decreasing shelf life of ornamentals (Lim, et al., 2007).  
Leaf senescence starts with breakdown of the entire photosynthetic apparatus, breakdown of 
proteins, nucleic acids and lipids in leaves and ends in cell death (Graaff, et al., 2006). The 
breakdown of photosynthetic apparatus is the result of degradation of chlorophyll and Rubisco in 
the leaves (Peterson and Huffaker, 1975; Okada et al., 1992; Jiang et al., 1993; Matile et al., 
1996; Ono and Watanabe, 1997; Wingler et al., 1998).  
Senescence is an active process that is controlled by certain specific genes (Buchanan-Wollaston, 
1997; Buchanan-Wollaston et al., 2003; Dangl et al., 2000; Gan and Amasino, 1997; Quirino et 
al., 2000; Smart, 1994; Yoshida, 2003) and occurs even if a plant is grown under optimal 
conditions (Masclaux et al., 2000). A large number of senescence-associated genes (SAGs) have 
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been identified in Arabidopsis (He et al., 2001; Hinderhofer and Zentfraf, 2001; Chen et al., 
2002; Buchanan-Wollaston et al., 2003, 2005). 
Leaf senescence occurs naturally or in response to internal and environmental factors. The 
environmental factors may be biotic or abiotic. Abiotic factors could be water stress, limited 
light, low temperature, nutrient limitation, etc (Nooden and Guiamet, 1997;  Gan and Amasino, 
1997). Biotic factors could be insect attack or pathogen infection (Lim, Kim and Nam, 2007). 
The main difference between natural and induced senescence is that induced senescence is 
usually reversible if the factors that induced it are removed before senescence has progressed 
beyond a certain point (Stoddart and Thomas, 1982). During natural senescence, senescence 
symptoms appear in a coordinate manner starting from tips or margins and extending to the base 
of leaf. While during stress-induced senescence, the stressed part of the leaf shows the symptoms 
first and then symptoms appear on the other parts of the leaf (Lim, et al., 2007).    
A high carbon to nitrogen ratio can also induce senescence in plants. Thus, supplying glucose in 
combination with low nitrogen induces yellowing and senescence in Arabidopsis (Pourtau et al., 
2004, 2006).  
Senescence can be delayed by exogenous application of cytokinins or by overproduction of 
cytokinins in transgenic plants (van Staden et al., 1988; Estruch et al., 1991; Smart et al., 1991; 
Li et al., 1992). Tobacco, wheat and maize growing under low nitrogen respond better to 
exogenous application of cytokinins than those growing under sufficient nitrogen (Jordi et al., 
2000; Kaminef et al., 2003; Robson et al., 2004). Cytokinins are produced in roots and 
transported in the plant through xylem. A steep decline has been observed in the cytokinin levels 
of xylem sap of plants under leaf senescence (Nooden et al., 1990).    
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Chlorophyll 
Chlorophyll is a green pigment found in most organisms that carry out photosynthesis. It is 
necessary for photosynthesis as it allows plants to obtain light energy and use it to manufacture 
carbohydrates (Eggink, et al., 2001). In light harvesting complex, chlorophyll is positioned in 
and around photosystems in thylakoid membranes of chloroplasts, in plants. Chlorophyll 
performs two primary functions in chloroplasts (Taiz and Zeiger, 2006; Epstein and Bloom, 
2005). The majority of the chlorophyll absorbs light and transfers the light energy to the reaction 
center chlorophyll .The reaction center chlorophyll of the photosystems uses this transferred 
energy to perform a redox reaction which starts an electron transport chain (Nelson and Yocum, 
2006). 
 There are various kinds of chlorophyll. Chlorophyll ‗a‘ is the most important type of chlorophyll 
as it transfers energized electrons to molecules that produce sugars. The other type of chlorophyll 
that is present only in certain algae and plants is chlorophyll ‗b‘. Chlorophyll ‗c‘ is found only in 
some chromista and dinoflagellates. Accessory pigments like chlorophyll b, c, xanthophylls and 
carotenoids absorb the energy of wavelengths that chlorophyll ‗a‘ does not absorb (Eggink, et al., 
2001; Taiz and Zeiger, 2006). 
Biosynthesis of chlorophyll 
The chlorophyll biosynthetic pathway can be broken down into several steps. All of these steps 
are extremely synchronized and regulated (Wettstein et al., 1995). This organization is necessary 
as free chlorophyll and some of its biosynthetic intermediates can impair the cellular 
components. This damage mostly occurs because without the presence of associated proteins the 
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light energy absorbed by chlorophyll cannot be dealt with and thus can lead to formation of 
singlet oxygen (Taiz and Zeiger, 2006).  
The first chlorophyll predecessor that has been established is 5- Aminolevulinic acid (ALA) 
(Beale and Castelfranco, 1983). ALA is a 5 carbon compound that can be synthesized in one of 
the following two ways: (1) condensation reaction of glycine with succinyl- CoA with the help 
of the enzyme ALA synthase that occurs in the mitochondria (Wettstein et al., 1995) and (2) C5 
pathway that involves glutamate and glutamic acid and that occurs in the chloroplasts (Jordan, 
1991; Weinstein and Beale, 1983). Glutamic acid labeled with 
14
C was used to show that the 
entire five carbon skeleton of glutamate was incorporated to ALA (Beale et al., 1975; Meller et 
al., 1975; Porra, 1986). Two molecules of ALA are condensed to produce porphobilinogen 
(PBG). This PBG is the first pyrrolic intermediate in the chlorophyll biosynthesis pathway 
(Jordan, 1991; Spencer and Jordan, 1994).  
In the next step four units of PBG are attached to form an unstable linear tetrapyrrole. 
Uroporphyrinogen III is formed by enzymatic closure of this linear tetrapyrrole. 
Uroporphyrinogen III is the first cyclic tetrapyrrole in this pathway (Battersby et al., 1979). 
Decarboxylation of four acetic acid substituents, leaving methyl groups of uroporphyrinogen III 
results in the formation of coproporphyrinogen III. Protoporphyrinogen IX is formed from this 
by oxidative decarboxylation of two of the four propionic acids to vinyl groups. This 
protoporphyrinogen IX is the last common precursor of hemoglobin and chlorophyll (Beale and 
Castelfranco, 1983). 
Addition of one magnesium ion to this protoporphyrinogen IX results in the formation of 
monovinyl protochlorophyllide a (Bauer et al., 1993; Bollivar et al., 1994; Castelfranco et al., 
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1994). Monovinyl protochlorophyllide a requires light, NADPH and binding with 
protochlorophyllide oxidoreductase enzyme to be converted into chlorophyllide, which on 
addition of a phytol tail forms chlorophyll a (Whyte and Griffiiths, 1993). Oxidation of the 
methyl group of chlorophyll a to a formyl group leads to the formation of chlorophyll b (Porra et 
al., 1994). 
Development of chloroplasts 
Chloroplasts develop from proplastids that consist of invaginations from the inner envelope 
membrane as well as an envelope and internal vesicular membranes (Wettstein, 1958; 
Henningsen et al., 1993). In tissue that has been exposed to light, the proplastids increase in size 
and develop a membrane system that is made up of unpaired stroma thylakoids and paired 
thyakoids in stacks called grana. Both types of thylakoids contain chlorophyll attached to 
proteins in their membranes. Plastids can develop into etioplasts if the seedlings are germinated 
without light (Wettstein et al., 1995). The chief protein present in the membranes of prelamellar 
bodies of etioplasts is protochlorophyllide:NADPH oxidoreductase complex (Henningsen et al., 
1993). On receiving light these etioplasts can synthesize chlorophyll and perform photosynthesis.   
Breakdown of chloroplasts and degradation of chlorophyll 
Catabolism of chlorophyll takes place throughout the life-cycle of a plant, but it is more 
conspicuous during senescence and ripening of fruits (Matile, et al., 1996). Leaf senescence is 
characterized by dismantling of the entire photosynthetic apparatus in the leaves. Deterioration 
of chlorophyll is an expression of conversion of chloroplasts into gerontoplasts (Sitte et al., 
1980). The loss of green color during this catabolism is due to presence of carotenoids and not 
due to formation of some new pigments (Matile, et al, 1999). The newly developed gerontoplasts 
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last the entire process of leaf senescence (Matile, 1992; Parthier, 1988). Their volume and 
density continuously diminishes due to loss of components of stroma and thylakoids. Developed 
gerontoplasts always have genetic information to assist re-greening and chloroplast re-assembly, 
as leaf senescence can be a reversible process in many species (Fischer and Feller, 1994; 
MccLaughlin and Smith, 1995; Mothes, 1960; Venkatrayappa, et al., 1984). The chloroplast is 
the first organelle to be degraded during senescence, while the nuclei remain intact both 
functionally and structurally till the last stages of senescence (Taiz and Zeiger, 2006). Thus 
degradation of chlorophyll can be considered reversible as long as gerontoplasts still have 
genetic information to re-green and the nuclei have not been deteriorated.   
Degradation of chlorophyll is mainly a four step pathway (Vicentini et al., 1995). The first step 
in this pathway is the removal of phytol from the chlorophyll (Matile et al., 1989; Shimokawa et 
al., 1978) by the enzyme chlorophyllase (Matile et al., 1997; Hendry et al., 1987). The second 
step in the degradation pathway is that of removal of magnesium from chlorophyllide by Mg-
dechelatase (Owens and Falkowski, 1982). Mg-dechelatase is believed to be present before leaf 
senescence starts and is said to be made active by the conversion of chloroplast into 
gerontoplasts (Langmeier et al., 1993).   
The third step includes the production of fluorescent chlorophyll catabolites (FCCs) from 
pheophorbide by oxygenolic opening of porphyrin ring (Ginsburg and Matile, 1993). This step is 
responsible for the yellowing of leaves (Matile et al., 1996). The pheophorbide a oxygenase 
(PAO) enzyme that executes this third step is located in the gerontoplast envelope (Matile and 
Schellenberg, 1996). Apart from the enzyme PAO, this step also requires oxygen, ATP, 
NADPH, iron and thylakoid as well as stromal proteins (Hortensteiner et al., 1995; Vicentini et 
al., 1995; Ginsburg et al., 1994; Ginsburg and Matile, 1993).  
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These FCCs are exported from the chloroplast (Matile et al., 1992). FCCs are hydroxylated and 
species-specific modified (Krautler, 2003; Hortensteiner, 2006) and imported into the vacuole 
through active transport (Hinder et al., 1996). Here the FCC‘s are converted to their respective 
NCC‘s (non-fluorescent chlorophyll catabolites) through non-enzymatic tautomerization which 
is catalyzed by the acidic sap present in the vacuoles (Oberhuber et al., 2003). 
Recently, Schelbert et al., 2009 suggested that the Mg is discharged before the phytol cleavage 
from the chlorophyll leading to the formation of following intermediate products: 
Chlorophyll → pheophytin (phein) → pheophorbide (pheide) 
Hence the chlorophyll catabolism and anabolism are not linked through chlorophyllide (chlide) 
and are two different processes connected only through the chlorophyll cycle (Rudiger, 2002). 
 
Chlorophyll and Nitrogen 
Nitrogen is required for the biosynthesis of chlorophyll to occur (Castelfranco and Beale, 1983). 
Assimilation of both NH4
+
 and NO3
- 
in plants results in the formation of glutamate, aspartate, 
asparagines, other amino acids, proteins and nucleic acids(Taiz and Zeiger, 2006; Epstein and 
Bloom, 2005). The glutamate produced from nitrogen is used in the C5 pathway in chloroplasts 
to produce 5- aminolevulinate acid (ALA) which is the first known precursor of chlorophyll that 
has been identified (Castelfranco and Beale, 1983). Glutamic acid labeled with 
14
C has been used 
to show that all the carbon and nitrogen present in the chlorophyll is derived from this ALA 
(Beale et al., 1975; Meller et al., 1975; Porra, 1986). 
In plants there are two chief sources of nitrogen when it is required. First is the absorbed N that 
has been assimilated and second source is the N that is present in older tissues (leaves, stems and 
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branches). This can be mobilized and translocated to where N is needed (Epstein and Bloom, 
2005). 
Leaf and root growth depends upon N present for its use (Hageman and Lambert, 1988; Lawlor, 
et al., 1989). Huge amounts of assimilated nitrogen are supplied to leaves throughout the life 
cycle of plants. This N supports protein synthesis and the photosynthesis mechanism and thus 
produces dry matter for the plant. Photosynthetic capacity of leaves is highly dependent upon its 
nitrogen content. Every mole of chlorophyll consists of four moles of nitrogen (Peoples and 
Dalling, 1988). During senescence degradation of colorless tetrapyrroles, leads to remobilization 
of 20% of cellular nitrogen that is fixed in the apoproteins of chlorophyll (Hortensteiner, 2006).    
The following equation is used to calculate the photosynthetic capacity of a leaf: 
                                     Amax = a N
b 
  
Where Amax = photosynthetic capacity (nmol CO2/g/s)  
a = intercept of log-log plot  
N = leaf nitrogen (mg /g) 
And b = scaling factor (greater than 1(Reich, et al., 1997)). 
As the scaling factor is more than 1 this means that the photosynthetic capacity increases 
exponentially with leaf nitrogen content (Epstein and Bloom, 2005).  
This relationship occurs because a leaf that has less N available has to distribute its limited N in 
order to sustain all vital functions.  Nonetheless, a leaf with a high amount of N available can use 
greater proportion for Rubisco (Ribulose-1, 5- bisphosphate carboxylase oxygenase) and other 
enzymes and pigments of photosynthesis to enhance photosynthetic capacity (Gastal and 
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Lemaire 2002; Lawlor 2002). Rubisco is an enzyme that catalysis calvin cycle. More N generally 
results in more Rubisco per unit area of leaf.  
Hence CO2 assimilation in leaves increases with increase in leaf nitrogen content. But this 
increase is observed only till 125 millimoles of nitrogen per square centimeter of leaf, after this 
the CO2 assimilation in leaves decreases with increase in leaf nitrogen content. Although, the 
chlorophyll content always remains proportional to the nitrogen content of the leaf (Epstein and 
Bloom, 2005).  
Thus degradation of chlorophyll supplies the plant with nitrogen that had been invested earlier in 
the leaves.  
Cytokinins 
Cytokinins are plant hormones that are a structurally diverse group of N6-substituted purine 
derivatives that are important for cell division in plants. The most frequently found active plant 
cytokinins are zeatin riboside, dihydrozeatin riboside and isopentenyl adenine (Mok et al., 2000).   
Cytokinins are plant hormones that play a variety of roles in plant growth and development. 
They promote development and activity of shoot meristems, build sink tissues and delay leaf 
senescence (Garrison et al., 1984; Van Staden et al., 1988; Yong et al., 2000). They also impede 
root growth, branching and play a part in seed germination and stress responses. Cotyledon 
expansion, leaf development and chloroplast differentiation are known to be advanced by 
cytokinins (Miller, 1956; Stetler and Laetsch, 1965; Huff and Ross, 1975). The ratio of 
cytokinins to auxins is also known to be the most important deciding factor for apical dominance 
(Moore, 1979). Cytokinins play an important role in some light regulated processes in plants like 
de-etiolation and chloroplast differentiation (Mok, 1994).  
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The prominent effect of cytokinins on the chlorophyll content of leaves and their capacity to 
hinder leaf senescence were known shortly after their discovery. Cytokinins retard leaf 
senescence in both intact leaves on the plants and leaves that have been shed when cytokinin is 
applied to them. Cytokinins also help in regreening of senescent leaves. Gain in cytokinin levels 
in any part of the plant is generally associated with delay in senescence and a boost to sink 
activity (Leopold & Kawase 1964; Brenner & Cheikh 1995; Wingler et al. 1998).  
In general cytokinins are one of the two main factors that regulate plant senescence, the other 
being ABA (abscisic acid) (Biswas and Choudhuri, 1980; Nooden, 1988 a; Van Staden et al., 
1988; Yang et al, 2004). Decrease in cytokinin levels in leaves is generally related to onset of 
leaf senescence (Buchanan-Wollaston, 1997; Nooden et al., 1997).  Cytokinins are known to 
control a large number of developmental processes in plants such as release of axillary buds from 
apical dominance (McKenzie et al., 1998). They also regulate cell division (Brenner and Cheikh, 
1995) and vascular tissue differentiation (Aloni, 1995). The senescence specific promoters are 
weakened by the suppression of leaf senescence (Gan and Amasino, 1997) which results in 
impeding the aggregation of cytokinins so that their level does not hinder plant development 
(Medford et al., 1989; Schmulling, et al., 1997; Wang et al., 1997; McKenzie et al., 1998).   
Most researchers believe that cytokinins are mainly root sourced hormones in plants. Cytokinins 
are considered to be transported through the xylem from roots to all other parts in a plant 
(Letham and Palni, 1983; Letham, 1994). The fact that roots are the primary place of cytokinin 
synthesis in plants was confirmed by the discovery of IPT genes that control cytokinin synthesis 
(McCabe et al., 2001; Chang et al., 2003; Khodakovskaya et al., 2005).  
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Biosynthesis of cytokinins 
Naturally occurring cytokinins are adenine derivatives with an isoprene or aromatic side chain at 
the N6 terminus (Mok and Mok, 2001; Strnad, 1997). Biosynthesis of cytokinins is regulated by 
internal and external factors such as inorganic nitrogen sources and phytohormones (Sakakibara, 
2004). 
The primary step in isoprenoid cytokinin biosynthesis is N-prenylation of adenosine 5- 
phosphate (AMP, ADP or ATP) at the N6-terminus with DMAPP (dimethylallyl diphosphate) or 
HMBDP (hydroxymethylbutenyl diphosphate). This primary reaction is catalyzed by the enzyme 
adenosine phosphate isopentenyltransferase (IPT) (Sakakibara, 2006). Initially it was thought 
that DMAPP and AMP were the only substrates for this biosynthesis but it was found out that 
substrates for IPT actually depend on the species. Substrates for isoprenoid cytokinin 
biosynthesis were first identified in a slime mold, Dictyostelium discoideum (Abe et al., 1976).  
Plant IPTs use ADP or ATP instead of AMP as prenyl acceptors thus resulting in formation of iP 
riboside 5- diphosphate (iPRDP) or iP riboside 5- triphosphate (iPRTP) (Kakimoto, 2001; 
Sakakibara, 2004; Sakano et al., 2004; Takei et al., 2004 a).  Hydroxymethylbutenyl diphosphate 
(HMBDP) is an intermediate in methylerythritol phosphate (MEP) pathway (Hecht, 2001). iP 
nucleotide is the primary product formed if DMAPP is used as a substrate for cytokinin 
biosynthesis. Both MEP pathway and MVA (mevalonate) pathway produce isoprenoid 
precursors DMAPP and isopentenyl diphosphate in plants (Lichtenthaler, 1999; Rohmer, 1999).  
A large number of AtIPTs are located in plastids of Arabidopsis (Kasahara et al., 2004). AtIPT3 
and AtIPT5 in Arabidopsis are isoforms that are most dominant in plants under normal 
conditions (Miyawaki et al., 2004; Takei et al., 2004 b). So, in higher plants, iP-type cytokinin 
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biosynthesis occurs in plastids. The isoprenoid side chain of iP cytokinins originates from the 
MEP pathway in plastids, this was demonstrated by 13C labeled precursors specific for MEP or 
MVA pathway (Kasahara et al., 2004).  
Biosynthesis of trans-zeatin (tZ) occurs through two pathways, the iP nucleotide dependent and 
iP nucleotide independent (Astot et al., 2000; Nordstrom et al., 2004; Takei et al., 2004 a).  
Cytokinins and Nitrogen 
A limited supply of nitrogen leads to a decline in cytokinin levels in plants. A resupply of 
nitrogen after this deficiency increases the cytokinin levels in a plant (Salama and Wareing, 
1979; Takei et al., 2001; Takei et al., 2002). Soil mineral elements are related to the cytokinin 
levels in plants and in xylem sap (Goring and Mardanov, 1976; Salama and Wareing, 1979; 
Takei et al., 2001; Takei et al., 2002).  This proposes that cytokinins mediate the nutrient status 
information in plants, especially of nitrogen (Sakakibara and Takei, 2002; Takei et al., 2001; 
Takei et al., 2002).  
Plant growth and development is largely impacted by the inorganic nitrogen supply available to 
the plant. Plant metabolic activities and the plant‘s developmental program are adjusted 
according to the nutrient status. Nitrogen nutrient status is primarily conveyed by cytokinins 
(Simpson, et al., 1982; Takei et al., 2001; Takei et al., 2002). There is a molecular mechanism 
behind this nitrogen dependent cytokinins synthesis and regulation as AtIPT3 and AtIPT5 are 
regulated depending upon the nitrogen available to the plant (Miyawaki et al., 2004; Takei et al., 
2004 a). Under limited nitrogen conditions AtIPT3 responds to NO3
-
 while under sufficient 
nitrogen supply the AtIPT5 responds to both NO3
- 
and NH4
+
 (Takei et al., 2004 b). As AtIPT3 
and AtIPT5 are the chief IPTs in Arabidopsis under normal conditions and they are located in 
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plastids (Kasahara et al., 2004; Miyawaki et al., 2004; Takei et al., 2004 b). This suggests that 
nitrogen status in plants has a huge impact on cytokinin biosynthesis. 
Cytokinins and chlorophyll 
 The chlorophyll concentration of leaves is largely influenced by the cytokinin concentration 
(Richmond and Lang, 1957; Mothes and Baudisch, 1958).  
Cytokinin receptor mutant combinations (cytokinin deficient plants) have less chlorophyll 
content then the wild types. This demonstrated that to have wild type levels of chlorophyll, full 
concentration of cytokinins was required in plants. But a basic level of chlorophyll can be 
formed independent of cytokinins. Hence, to have chlorophyll concentration above a specific 
level, cytokinins are required but they are not necessary for chlorophyll biosynthesis (Riefler, et 
al., 2006).  
Cytokinins and sugars   
The process of dismantling and mobilization of photosynthetic proteins, during senescence, can 
be controlled by the interaction between sugars, cytokinins and light. Cytokinins retard leaf 
senescence while disruption of starch or mobilization of nitrogen from the leaf leads to a buildup 
of sugars that obstruct the effect of cytokinins. Senescence is decelerated by cytokinins and light 
while it is accelerated by sugars. Sugars act as a barrier to the effect of cytokinins and light acts 
as a partial barrier to the effects of sugars (Wingler et al., 1998).  
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                                             Materials and methods 
 
The first preliminary experiment was carried out in Fall 2008. It was conducted with 12 plants of 
Plectranthus parviflorus, the purpose was to gain experience in conducting a hydroponics 
experiment including how to calculate the amount of chemicals for nutrient solutions, mix 
nutrient solutions, prepare stock solutions for microelements and change solutions in a 
hydroponics setup once there is a unit change in the pH.  
The second preliminary experiment was carried out to compare the response of the two selected 
species of Plectranthus in Spring 2009. Twelve cuttings of both Plectranthus parviflorus and 
Plectranthus ambiguus were used for this experiment. Chlorophyll analysis was done every 
week for the selected samples from both species. It was observed that Plectranthus parviflorus 
did not shed its leaves when under N deficiency while Plectranthus ambiguus did.  
Two of the three final experiments were conducted in Fall 2009 on the two selected species of 
the genus Plectranthus- P. parviflorus and P. ambiguus. These two experiments were conducted 
back to back so that for statistical analysis purpose these experiments could be treated as 
replications, this would increase the degrees of freedom of the test. We could not carry out one 
experiment with more replications due to limitations of bench space and maintenance/harvest of 
hydroponics experiment. 
The final experiment was conducted in Spring 2010 with the same species and same setup as that 
of the Fall 2009 experiments. This experiment was conducted to see the difference in response of 
the plants grown in spring than the plants grown in fall due to differences in natural light, day 
length and temperature. 
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 For the three final experiments, twenty-four cuttings were taken of each of the two cultivars and 
placed in three rows of four columns in flats filled with vermiculite to establish roots. Thus, there 
were 2 flats with 12 cuttings each for both species. The cuttings were taken a little longer (an 
extra pair of leaves) than regular pencil-sized cuttings to ensure that P. ambiguus did not shed all 
its leaves before the experiment was complete. The cuttings were treated with Hormex rooting 
powder 0.3% IBA (Indole-3-butyric acid) (Brooker Chemicals, CA, EPA reg no. 8281-3) as 
follows: the basal end of each cutting was dipped in water and then shaken gently to remove the 
excess water. Then this moist end was dipped in a container with Hormex 0.3% powder in it. 
Once the cutting was removed from the powder, it was gently shaken again to remove the excess 
powder. The cutting was then placed in a well-watered flat filled with vermiculite, for rooting. 
The flats were placed under mist which ran four seconds at twenty minute intervals. The mist 
was set to start an hour after sunrise and stop an hour before sunset. The cuttings were kept under 
supplemental light that came on from 10 PM to 2 AM every night. It took approximately three 
weeks for the cuttings to root.  
The hydroponics set up consisted of twenty-four, 2-gallon white containers with twelve 
containers for Plectranthus parviflorus and twelve for Plectranthus ambiguus. Each container 
was covered with 11½ x 11 ½ square pink insulation to hold the plant and the air hose. Two 
holes in the insulation cover were made such that the plant was in the center and the air hose was 
around an inch above it. A hypodermic needle at the end of each air hose was attached to a center 
hose for a continuous air supply to provide plant roots with air by bubbling the solution. The 
greenhouse temperature was set at 70º -80 º F days and 60º-65ºF nights.  
Each container was lined on the outside with black tape to ensure that the nutrient solution did 
not react due to light. The containers were then covered with two white trash bags on the outside 
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to prevent the containers from getting too hot and to prevent algal growth. The inside of the 
containers was lined with two more white trash bags to make changing of the solutions easier 
and to prevent contamination of the solution by the container walls. 
Experimental design: 
 The experiment was set up as an incomplete block design with eight unbalanced blocks. There 
were four replications of 0-150 ppm N and 0-0 ppm N and two replications of 150-0 ppm N and 
150-150 ppm N for both species. Please see diagram at the end. The experiment received 
supplemental light from 10 PM to 2 AM to ensure that plants do not enter into reproductive 
phase of their life cycle. 
All plants of each cultivar received 0 ppm N or 150 ppm N treatment for the first three weeks. 
For the next three weeks plants received one of the following N treatments: 0-0 ppm N, 150-150 
ppm N, 0-150 ppm N or 150-0 ppm N, where the first number denotes the treatment plant 
received for first three weeks while the second number denotes the treatment the plant received 
for the next three weeks.  
A major switch of treatments occurred after three weeks. This switch was determined by taking 
the color readings from RHS color chart. When the plants that received 0 ppm N were color 144 
A on RHS color chart where as the plants that received 150 ppm N were 137 A, the switch of 
treatments was done. The new treatments were 0-0 ppm N, 0-150 ppm N, 150-150 ppm N and 
150-0 ppm N. The plants were in hydroponics for a total of 6 weeks. 
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Statistical analysis: 
For week 1 through 3: the treatments given to the plants during this time were 0 ppm N or 150 
ppm N. Repeated measures were used for week 1 and week 2 as the same plants were tested in 
these two weeks. Week 3 cannot be included in this because different plants were tested during 
week 3 for chlorophyll and cytokinin analysis. A separate analysis was used for week 1 and 
week 3 and a separate one for week 2 and week 3. Week was used as a main effect so as to know 
if there was a significant week effect.  
For week 4 through week 6: treatments given to the plants during this time were 0-0 ppm N, 0-
150 ppm N, 150-0 ppm N or 150-150 ppm N. The plants tested for 150-0 ppm N and 150-150 
ppm N remained the same during all these weeks while the plants tested for 0-0 ppm N and 0-
150 ppm N were the same for week 4 and 5 and then they changed for the week 6. Repeated 
measures were used for all plants tested during week 4 and week 5. Repeated measures were 
used for plants receiving 150-0 ppm N and 150-150 ppm N during week 4 through week 6. Then 
there was a separate analysis for plants receiving 0-0 ppm N and 0-150 ppm N during week 4 
and week 6, and week 5 and week 6.    
Nutrient Solutions: 
The 0 ppm N solution consisted of 48.5 ppm Ca and 85.9 ppm Cl from CaCl2.2H2O; 24.3 ppm 
Mg and 32 ppm S from MgSO4.7H2O and 75 ppm P and 94.7 ppm K from KH2PO4. The 150 
ppm N solution was prepared with 32.09% N from NH4 and 67.91% N from NO3. The source of 
N was NH4NO3. It also contained 48.5 ppm Ca and 75 ppm P from Ca(H2PO4)2; 24.3 ppm Mg 
and 32 ppm S from MgSO4 and 150 ppm K from KNO3.  
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Both solutions contained the same amount of micro-elements: 0.50 ppm B from Boric acid, 0.02 
ppm Cu from Cu EDTA, 1 ppm Fe from Fe EDTA, 0.50 ppm Mn from Mn EDTA, 0.01 ppm Mo 
from Sodium molybdate (Na2MoO4.2H2O) and 0.05 ppm Zn from Zn EDTA. The pH of the 
solutions in the containers was brought to 6.0 every time by adding 1 M potassium hydroxide 
(KOH) drop by drop to the solution. All solutions were changed either when pH changed by 1 
unit up or down or when the level of the solution dropped (at least once per week). 
Sampling: 
Every week a fully expanded leaf from the first pair down from the terminal whorl was harvested 
for cytokinin analysis and a fully expanded leaf from the second pair down the terminal whorl 
was harvested for chlorophyll analysis (figure 1). Total number of four leaves was taken for 
sampling from each plant for both the analysis over a period of two weeks. Total of sixteen 
leaves were harvested from both the species- eight for cytokinin analysis and eight for 
chlorophyll analysis each week during first three weeks. After the switch of treatments, a total of 
thirty two leaves were harvested in the above explained manner from both the species, for 
analysis. The leaves were taken as follows: two from 0-0 ppm N plants, two from 150-150 ppm 
N plants, two from 0-150 ppm N plants and two from 150-0 ppm N plants of each species and 
for both cytokinin and chlorophyll analysis. Please look at the sampling scheme at the end. 
  Photographs were taken at the beginning of the experiment, at the switch of treatments and at 
the final harvest. Leaf traces were made of all the leaves harvested for either chlorophyll or 
cytokinin analysis.  At the final harvest the photographs included; a picture of the top of the 
plant, one from the front with black background and one of the roots against the black 
background. After this the harvested plants were separated as: (1) top leaves, (
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 F. After 
drying, the dry weights were measured and recorded. In addition to leaf area of the leaf traces 
and dry weights, concentration of chlorophyll and cytokinin were also determined. 
Chlorophyll analysis:  
Each leaf to be tested was harvested, put in a separate clear plastic bag, air was blown into this 
bag and then the bag was tied at the open end. Each bag was labeled with the plant number from 
which the leaf was harvested, the N treatment plant was receiving and the harvesting date. The 
leaf samples were tested for chlorophyll content immediately after harvest. One hundred to two 
hundred milligrams of the leaf tissue without the mid-vein were ground in 20 ml of 80% acetone 
using a mortar and pestle for five minutes. The solution was then filtered into a test-tube. A clean 
cuvette, two thirds full with 80% acetone was placed in a spectrophotometer as a blank. The 
spectrophotometer was set to 0% absorbance at 663 nm wavelength with the blank in it. The 
filtered extract was then poured into a fresh cuvette and placed in the spectrophotometer to 
record the absorbance at 663 nm. Then the extract was removed from the spectrophotometer and 
the wavelength was set to 645 nm and 0% absorbance using the blank. The cuvette with the 
extract was again put into the spectrophotometer and absorbance at 645 nm was recorded. This 
was repeated for each sample and the readings for 645 and 663 were then put into Arnon‘s 
equation to determine Chl a, Chl b and total Chl for each sample (Arnon 1949).  
Cytokinin analysis:  
Each week one fully expanded leaf from the first pair of leaves down from the terminal whorl 
was harvested, put in a separate clear plastic bag, air was blown into this bag and then the bag 
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was tied at the open end. Each bag was labeled with the plant number from which the leaf was 
harvested, the N treatment plant was receiving and the harvesting date. Each leaf was cut into 
thin strips, 2-3 mm in wide and the length running along the length of the leaf. For each sample 
to be freeze-dried, a mortar, a funnel, a glass stirrer and a tube (for storage) had been wrapped in 
aluminum foil and cooled in a freezer at least 24 hours prior to using them. The strips from each 
leaf were weighed, placed in pre-cooled mortar and then liquid nitrogen was poured into the 
mortar. This frozen sample was then stored in pre-cooled plastic tub -  C. At the end of 
the experiment, the samples were lyophilized and then packed in dry ice for shipping to Czech 
Republic for cytokinin analysis. The samples are lyophilized using a Labconco freezone 6 
console freeze dry system operated at a vacuum of 133 x 10
-3
 mBar at a temperature of – 45 
degrees Celsius and for 20 hours approximately. Cytokinin analysis was done using HPLC 
(Vankova et al., 2005). The following forms of cytokinins were determined: deactivation 
metabolites (Z7G, DHZ9G, IP9G, Z9G), storage metabolites (Z0G, DHZ0G, Z9R0G, 
DHZ9R0G), physiologically active forms (IP9R, Z9R, DHZ, Z) biological precursors (ZMP, 
DHZMP, iPMP) and Cis-zeatin derivatives (c-Z9G, c-Z0G, c-Z9R0G, c-ZMP). 
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Figure 1: Sampling scheme for cytokinins and chlorophyll (1C, 24C, 11C, etc 
are the numbers given to Plectranthus parviflorus plants while 7A, 17A, 5A, 
etc are the numbers given to Plectranthus ambiguus plants): 
Plectranthus parviflorus   
 
  
 0-0 ppm N 150-0 ppm N 150-150 ppm N 0-150 ppm N 
Week 4 3 C 
23 C 
2 C 
22 C 
11 C 
15 C 
1 C 
14 C 
Week 5 3 C 
23 C 
2 C 
22 C 
11 C 
15 C 
1 C 
14 C 
Week 6 13 C 
12 C 
2 C 
22 C 
11 C 
15 C 
24 C 
10 C 
  
Plectranthus ambiguus    
 0 ppm N 150 ppm N 
Week 1 7 A 
17 A 
5 A 
19 A 
Week 2 7 A 
17 A 
5 A 
19 A 
Week 3 21 A 
4 A 
8 A 
18 A 
 
 0-0 ppm N 0-150 ppm N 150-150 ppm N 150-0 ppm N 
Week 4 9 A 
16 A 
4 A 
21 A 
18 A 
8 A 
5 A 
19 A 
Week 5 9 A 
16 A 
4 A 
21 A 
18 A 
8 A 
5 A 
19 A 
Week 6 20 A 
6 A 
17 A 
4 A 
18 A 
8 A 
5 A 
19 A 
 0 ppm N 150 ppm N 
Week 1 1 C 
24 C 
11 C 
22 C 
Week 2 1 C 
24 C 
11 C 
22 C 
Week 3 10 C 
14 C 
2 C 
15 C 
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Figure 2: Experimental bench design                                            
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                                                             Results 
Chlorophyll  
The two experiments were conducted in Fall 2009 and displayed similar trends for the leaf 
chlorophyll concentration. Chlorophyll concentration was sampled once a week for the duration 
of the experiments i.e. 6 weeks. The plants, Plectranthus parviflorus and Plectranthus ambiguus 
were given either 0 mg/L N or 150 mg/L N for the first three weeks. During the next three weeks 
of the experiment the plants were given one of the following treatments: 0-0 mg/L N, 150-0 
mg/L N, 150-150 mg/L N and 0-150 mg/L N. The chlorophyll concentration of the leaves, 
during week 1,2 and week 4,5 were analyzed as repeated measures as the same plants were used 
for the analysis during those weeks. Whereas chlorophyll concentration of week 3 were analyzed 
as ANOVA comparing the values to both week 1 and 2. Chlorophyll concentration of  plants 
receiving 150-0 mg/L N and 150-150 mg/L N during weeks 4,5 and 6 were analyzed as repeated 
measures where as plants receiving 0-0 mg/L N and 0-150 mg/L N during those weeks were 
analyzed using ANOVA. 
Experiment 1: 
Table 1(i): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 1 to 2, 
Experiment 1 
Plant/Total Chl week 1 Std deviation week 2 Std deviation 
Parviflorus 0 N 0.6462 0.05318 0.5091 0.2643 
Parviflorus 150 N 0.8471 0.05318 0.9190             0.2643 
Ambiguus  0 N 1.0433 0.05318 0.9167 0.2643 
Ambiguus  150 N 1.1999 0.05318 1.1972 0.2643 
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Week 1 and 2 repeated measures: There is no significant week effect observed but the plant 
effect is significant (p value 0.0386). Table 1a, shows that there is a significant difference in the 
growth pattern of these two species- Plectranthus parviflorus and Plectranthus ambiguus 
regardless of the treatment they are receiving and the length of the time for which they are 
receiving this treatment.  Plectranthus parviflorus plant that received 0 mg/L N showed a decline 
in chlorophyll from week 1 (0.6462) to week 2 (0.5091) while plants receiving 150 mg/L N 
showed an increase in chlorophyll concentration from week 1(0.8471) to week 2 (0.9190) (Table 
1(i)). Plectranthus ambiguus plants receiving either 0 mg/L N or 150 mg/L N maintain the levels 
of chlorophyll concentration from week 1 to week 2 (Figure 3). 
Table 1(ii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 1 and 3, 
Experiment 1 
Plant/Total Chl week 1 Std deviation week 3 Std deviation 
Parviflorus 0 N 0.6462 0.1102 0.3457 0.2158 
Parviflorus 150 N 0.8471 0.0217 0.8180 0.1272 
Ambiguus  0 N 1.0433 0.0165 0.6090 0.0717 
Ambiguus  150 N 1.1999 0.0987 1.4340 0.1485 
 
Week 1 and 3 ANOVA: Table 1b showed a significant interaction between treatment and week 
(p value 0.0042). Thus regardless of the species there is a significant difference due to the two 
treatments being given to the plants from week 1 to week 3. Plectranthus parviflorus plants 
receiving 0 mg/L N showed a decline in chlorophyll concentration from week 1 (0.6462) to 3 
(0.3457) while plants receiving 150 mg/L N seem to ‗maintain‘ the chlorophyll concentration 
from week 1 (0.8471) to week 2 (0.8179) (Table 1(ii)).  
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There was a rapid decline from week 1 (1.0433) to week 3 (0.6089) for Plectranthus ambiguus 
plants growing under 0 mg/L N. While, P. ambiguus plants growing under 150 mg/L N had a 
similar chlorophyll concentration despite 150 mg/L N for 1 week (Figure 3). 
Table 1(iii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 2 and 3, 
Experiment 1 
Plant/Total Chl week 2 Std deviation week 3 Std deviation 
Parviflorus 0 N                 0.5091  0.0442 0.3457 0.2158 
Parviflorus 150 N 0.9191 0.0698 0.8180 0.1272 
Ambiguus  0 N 0.9167 0.01004 0.6090 0.0717 
Ambiguus  150 N 1.1972 0.7430 1.4340 0.1485 
 
Week 2 and 3 ANOVA: In this analysis both plant (p value 0.0252) and treatment (p value 
0.0082) main effects were found to be significant (Table 1c). This shows that during week 2 and 
3 both the plant species were growing differently under the two treatments- 0 mg/L N and 150 
mg/L N. P. parviflorus plants receiving 0 mg/L N showed a decline (0.5091 to 0.3457) in 
chlorophyll concentration (Table 1(iii)) while those growing under 150 mg/L N seem to have a 
similar (0.9190 to 0.8180) chlorophyll concentration.  
P. ambiguus plants growing under 0 mg/L N showed a decline from week 2 (0.9167) to week 3 
(0.6089) and when growing under 150 mg/L N showed an increase from week 2 (1.1972) to 
week 3 (1.4339) (Figure 3). 
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Figure 3: Chlorophyll concentration for week 1 to 3 of Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L)  
 
Table 2(i): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 4 to 5, 
Experiment 1 
Plant/Total Chl week 4 Std deviation week 5 Std deviation 
Parviflorus 0-0 N 0.2036 0.08231 0.20095 0.05579 
Parviflorus 150-0 N 0.72525 0.08231 0.82075 0.05579 
Parviflorus 150-150 N 0.84875 0.08231 1.2496 0.05579 
Parviflorus 0-150 N 0.2818 0.08231 0.2952 0.05579 
Ambiguus 0-0 N 0.6094 0.08231 0.36265 0.05579 
Ambiguus 150-0 N 1.46295 0.08231 0.9529 0.05579 
Ambiguus 150-150 N 2.045 0.08231 2.0113 0.05579 
Ambiguus 0-150 N 0.7111 0.08231 0.8071 0.05579 
 
Week 4 and 5 Repeated measures: The week effect in this repeated measures analysis was not 
significant. According to the multivariate approach, the plant effect (p value <0.0001), the 
treatment effect (p value <0.0001) and the interaction effect between plant and treatment (p value 
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0.0008) were significant. In Table 2a, during week 4 and 5 both the species were responding 
differently to the two treatments they were receiving.  
P. parviflorus plants receiving 0-0 mg/L N and 150-0 mg/L N maintained their chlorophyll 
concentration while those plants receiving 150-150 mg/L N and 0-150 mg/L N showed an 
increase in chlorophyll concentration from week 4 to week 5 (Table 2(i)). P. ambiguus plants 
receiving 0-0 mg/L N and 150-0 mg/L N showed a decline in chlorophyll concentration. The 
plants receiving 150-150 mg/L N maintain their chlorophyll concentration and this seems to be 
the maximum chlorophyll concentration for P. ambiguus under this treatment (Figure 4). Plants 
receiving 0-150 mg/L N showed a slight increase in the chlorophyll concentration from week 4 
to week 5. 
Table 2(ii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/TotalChl Week 4 Std. deviation Week 5 Std. deviation Week 6 Std. deviation 
Parviflorus 150-0 N 0.7253 0.1051 0.8208 0.0623 0.3658 0.1339 
Parviflorus150-150 N 0.8488 0.1051 1.2496 0.0623 1.2262 0.1339 
Ambiguus 150-0 N 1.4629 0.1051 0.9529 0.0623 0.9695 0.1339 
Ambiguus150-150 N 2.045 0.1051 2.0113 0.0623 2.2317 0.1339 
 
Week 4, 5 and 6 repeated measures for 150-0 mg/L  and 150-150 mg/L: No week effect is 
seen in this repeated measures analysis. In Table 2b, the multivariate analysis approach, there 
was a significant plant effect (<0.0001), treatment effect (<0.0001) and a significant interaction 
effect of plant and treatment (0.0057). P. parviflorus 150-0 mg/L N plants show that chlorophyll 
concentration is similar from week 4 to week 5 while it decreases from week 5 to week 6. 
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Plecranthus parviflorus plants receiving 150-150 mg/L N showed an increase in chlorophyll 
concentration from week 4 to week 5 while it was similar from week 5 to week 6 (Table 2(ii)).  
Plectranthus ambiguus plants receiving 150-0 mg/L N showed a decline from week 4 to week 5 
while it is maintained from week 5 to week 6. In P. ambiguus 150-150 plants chlorophyll 
concentration is maintained from week 4 to week 6 as this seems to be the maximum chlorophyll 
concentration for these plants (Figure 4).  
Table 2(iii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/TotalChl Week 4 Std. deviation Week 5 Std. deviation Week 6 Std. deviation 
Parviflorus 0-0 N 0.2036 0.0324 0.2009 0.035 0.1997 0.0154 
Parviflorus 0-150 N 0.2818 0.1232 0.2952 0.6491 0.3508 0.0074 
Ambiguus 0-0 N 0.6094 0.0127 0.3627 0.0091 0.3553 0.0035 
Ambiguus 0-150 N 0.7111 0.0602 0.8071 0.1153 0.7711 0.0478 
 
Week 4, 5 and 6 ANOVA 0-0 mg/L and 0-150 mg/L: In this analysis, the interaction effect 
between plant, treatment and week was significant (p value 0.0425) along with the plant effect (p 
value <0.0001), treatment effect (p value <0.0001), plant and treatment interaction effect (p 
value 0.0008) and treatment and week effect (p value 0.0109) (Table 2c). This shows that the 
two species were showing a significant difference in chlorophyll concentration due to the 
different treatments they have been receiving over 3 weeks. P.parviflorus plants receiving 0-0 
mg/L N maintained their chlorophyll concentration from week 4 to week 6 while those receiving 
0-150 mg/L N showed an increase in the chlorophyll concentration from week 4 to week 6 
(Table 2(iii)).  
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P. ambiguus plants receiving 0-0 mg/L N, showed decline in chlorophyll concentration during 
week 4 to week 5 but this concentration stabilized from week 5 to week 6 (Figure 4). The plants 
receiving 0-150 mg/L N showed an increase in chlorophyll concentration from week 4 to week 5 
but again the chlorophyll concentration stabilized from week 5 to week 6.  
Figure 4: Chlorophyll concentration for week 4 to 6 of Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Experiment 2:  
 
Table 3(i): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 1 to 2, 
Experiment 2 
Plant/ Total Chl week 1 Std. deviation week 2 Std. deviation 
Parviflorus 0 N 0.5953 0.0358 0.5019 0.013 
Parviflorus 150 N 0.8096 0.0358 0.9079 0.013 
Ambiguus 0 N 1.0453 0.0358 0.8502 0.013 
Ambiguus 150 N 1.2512 0.0358 1.2671 0.013 
 
Week 1 and 2 repeated measures: This repeated measure analysis showed a borderline week 
effect (p value 0.0499) with a significant interaction between week and plant and week and 
treatment (Table 3a). Thus here the two different plants and the two treatments showed a 
significant difference in chlorophyll concentration with the passing weeks. According to the 
multivariate approach, both plant effect (p value <0.0001) and treatment effect (p value 0.0001) 
was significant.  
P. parviflorus plants receiving 0 mg/L N showed a decline in chlorophyll concentration from 
week 1 to week 2 while those receiving 150 mg/L N showed an increase in chlorophyll 
concentration from week 1 to week 2 (Table 3(i)). P. ambiguus plants growing under 0 mg/L N 
also showed a decline in chlorophyll concentration while those growing under 150 mg/L N 
maintained their chlorophyll concentration (Figure 5). 
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Table 3(ii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 2 
Plant/ Total Chl week 1 Std. deviation week 3 Std. deviation 
Parviflorus 0 N 0.5953 0.0210 0.4666 0.5579 
Parviflorus 150 N 0.8096 0.0078 0.7839 0.0964 
Ambiguus 0 N 1.0453 0.0801 0.6352 0.0639 
Ambiguus 150 N 1.2512 0.0578 1.5604 0.0268 
 
Week 1 and 3 ANOVA: the ANOVA analysis showed a significant interaction between plant, 
treatment and week (pvalue 0.0008) (Table 3b). This showed that both the species of plants are 
responding differently to the two treatments over the given period of two weeks. Apart from this 
the plant effect (p value <0.0001), treatment effect (p value <0.0001), interaction between plant 
and treatment (p value 0.0009) and interaction between treatment and week (p value 0.0001) 
were also significant.  
P. parviflorus plants receiving 0 mg/L N showed a decline in chlorophyll concentration from 
week 1 to 3 while those receiving 150 mg/L N maintained the chlorophyll levels from week 1 to 
week 3 (Table 3(ii)). P. ambiguus plants growing under 0 mg/L N also showed a decline in 
chlorophyll concentration while those receiving 150 mg/L N showed an increase in the 
chlorophyll concentration from week 1 to week 3 (Figure 5). 
Table 3(iii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 2 to 3, 
Experiment 2 
Plant/ Total Chl week 2 Std. deviation week 3 Std. deviation 
Parviflorus 0 N 0.5019 0.0077 0.4666 0.5579 
Parviflorus 150 N 0.9079 0.0058 0.7839 0.0964 
Ambiguus 0 N 0.8502 0.0036 0.6352 0.0639 
Ambiguus 150 N 1.2671 0.0354 1.5604 0.0268 
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Week 2 and 3 ANOVA: here the interaction effect between plant, treatment and week were 
significant (p value 0.0003) (Table 3c). Thus the plants from both the species were responding 
differently to the two different treatments over the period from week 2 to 3. P. parviflorus plants 
receiving 0 mg/L N plants showed a decline in chlorophyll while those receiving 150 mg/L N 
maintained their chlorophyll (Table 3(iii)). 
P. ambiguus plants receiving 0 mg/L N showed a decline in chlorophyll while those receiving 
150 mg/L N showed an increase in the chlorophyll from week 2 to week 3 (Figure 5). 
Figure 5: Chlorophyll concentration for week 1 to 3 of Experiment 2 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Table 4(i): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 4 to 5, 
Experiment 2 
Plant/ Total Chl week 4 Std. deviation week 5 Std. deviation 
Parviflorus 0-0 N 0.2170 0.073 0.2352 0.0375 
Parviflorus 150-0 N 0.7605 0.073 0.9108 0.0375 
Parviflorus 150-150 N 0.9353 0.073 1.3480 0.0375 
Parviflorus 0-150 N 0.3025 0.073 0.2879 0.0375 
Ambiguus 0-0 N 0.6074 0.073 0.3515 0.0375 
Ambiguus 150-0 N 1.3949 0.073 0.9518 0.0375 
Ambiguus 150-150 N  2.0026 0.073 2.0331 0.0375 
Ambiguus 0-150 N 0.7031 0.073 0.7967 0.0375 
 
Week 4 and 5 Repeated measures: The repeated measures analysis did not show a significant 
week effect. Table 4a, multivariate approach showed a significant interaction between plant and 
treatment effect (p value 0.0002). This showed that the plants from both species were responding 
to the different treatments in their own ways. P. parviflorus plants receiving 0-0 mg/L N and 0-
150 mg/L N maintained their chlorophyll concentration while the plants receiving 150-0 mg/L N 
and 150-150 mg/L N showed an increase in chlorophyll concentration (Table 4(i)). 
P. ambiguus plants receiving 0-0 mg/L N and 150-0 mg/L N showed a decline in chlorophyll 
concentration while those receiving 150-150 mg/L N maintained their chlorophyll concentration 
and those receiving 0-150 mg/L N showed a slight increase in chlorophyll (Figure 6). 
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Table 4(ii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 2 
Plant/ Total Chl week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 0.7605  0.0863 0.9108 0.0229  0.3293 0.022  
Parviflorus 150-150 N 0.9353  0.0863 1.3480  0.0229  1.2635  0.022  
Ambiguus 150-0 N 1.3949  0.0863 0.9518  0.0229  0.9010  0.022  
Ambiguus 150-150 N  2.0026  0.0863 2.0331  0.0229  1.9134  0.022  
 
Week 4, 5 and 6 Repeated measures 150-0 mg/L and 150-150 mg/L N: In Table 4b, there was 
a significant week effect (p value 0.0038) is seen in the repeated measure analysis followed by a 
significant interaction of week, plant and treatment effect (p value 0.0117). In the multivariate 
approach, there was a significant interaction between plant and treatment. Thus the plants 
belonging to both the species were showing different response to the treatments. P.parviflorus 
plants receiving 150-0 mg/L N maintained their chlorophyll levels from week 4 to week 5 while 
between week 5 and 6 they showed a significant decline. P. parviflorus plants receiving 150-150 
mg/L N increaseed chlorophyll concentration from week 4 to 5 but maintained it from week 5 to 
6 (Table 4(ii)). P. ambiguus plants receiving150-0 mg/L N rapidly lost chlorophyll concentration 
from week 4 to week 6. While 150-150 mg/L N plants maintained their chlorophyll levels as this 
again may be the optimal chlorophyll concentration (Figure 6). 
Table 4(iii): Total chlorophyll (mg/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 2 
Plant/ Total Chl week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 0.2170 0.0400 0.2352 0.0231 0.2332 0.0061 
Parviflorus 0-150 N 0.3025 0.1469 0.2879 0.0589 0.3487 0.0119 
Ambiguus 0-0 N 0.6074 0.0122 0.3515 0.0074 0.3522 0.0112 
Ambiguus 0-150 N 0.7031 0.0491 0.7967 0.1194 0.7670 0.0192 
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Week 4,5 and 6 ANOVA 0-0 mg/L N and 0-150 mg/L N: Here (Table 4c) the analysis showed 
a significant interaction between plant, treatment and week (p value 0.0220). Thus the two 
species had a different response for the given treatments over the period of week 4 to 6. P. 
parviflorus plants receiving 0-0 mg/L N maintained their chlorophyll levels while 0-150 mg/L N 
plants maintained chlorophyll concentration from week 4 to 5 but increased during week 5 to 6. 
P. ambiguus plants receiving 0-0 mg/L N plants showed a large decrease in chlorophyll from 
week 4 to 5 and plants receiving 0-150 mg/L N showed a large increase from week 4 to 5 (Table 
4(iii)). During week 5 to 6, however plants in both treatments had similar concentration to the 
week before (Figure 6). 
Figure 6: Chlorophyll concentration for week 4 to 6 of Experiment 2 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Leaf area 
Leaves that were taken from the experiment plants for chlorophyll and cytokinin analysis were 
traced on paper and later their leaf area was determined using a leaf area meter. 
Leaf area Chlorophyll Exp 1 and Exp 2 
Experiment 1: Week 2 and 3 ANOVA:  
 
Table 5(i): Leaf area (cm
2
) (LSMeans) and standard deviation for week 2 to 3, Experiment 1 
Plant/Leaf area  week 2 Std. deviation week 3 Std. deviation 
Parviflorus 0 N 22.48 6.5336 14.18 2.9557 
Parviflorus 150 N 23.885 0.2616 29.235 7.1913 
Ambiguus 0 N 22.52 2.3759 16.92 9.4469 
Ambiguus 150 N 48.355 2.3122 60.975 2.1284 
 
In Table 5a, the interaction between plant and treatment (p value 0.0008) as well as between 
treatment and week (p value 0.0141) was significant. Thus, a change in leaf area occurred when 
a plant of a particular species received a particular treatment. Also the change was seen when a 
particular treatment was given over a certain period of time, regardless of the species.  
                                     
The LSMeans (Table 5(i)) agree with the above significant interaction between plant and 
treatment as regardless of the time, there was a difference in leaf area of both plants receiving the 
two different treatments. The P. parviflorus plants receiving 0 mg/ L N had leaf area of 14.18 sq. 
cm. while those receiving 150 mg/ L N had leaf area of 29.24 sq. cm. while P. ambiguus plants 
receiving 0 mg/ L N had leaf area of 22.52 sq. cm. and those plants receiving 150 mg/ L N had 
48.35 sq. cm (Figure 7). 
The data also agreed with the second significant interaction between treatment and week as there 
was a difference in the leaf area due to the treatment duration. The P. parviflorus 0 mg/ L N 
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plants had leaf area 22.48 sq. cm. during week 2 while it was 14.18 sq. cm. during week 3. The 
P. ambiguus 150 mg/ L N had leaf area 48.35 sq. cm. during week 2 while it had leaf area 60.98 
sq. cm. during week 3.  
 
Figure 7: Leaf area (cm
2
) for week 2 and 3 of Experiment 1 (Plant species were Plectranthus 
parviflorus and Plectranthus ambiguus with nitrogen (150 mg/L) or without nitrogen (0 mg/L) 
 
Experiment 2: 
Table 6(i): Leaf area (cm
2
) (LSMeans) and standard deviation for week 1 to 3, Experiment 2 
Plant/ Leaf area  week 1 Std. deviation week 2 Std. deviation 
Parviflorus 0 10.2 1.2152 24.055 5.8758 
Parviflorus 150 10.675 1.2152 22.64 5.8758 
Ambiguus 0 11.68 1.2152 23.045 5.8758 
Ambiguus 150 15.26 1.2152 48.53 5.8758 
 
Week 1 and 2 repeated measures: 
 According to this repeated measure analysis the week effect is significant (p value 0.0029). Thus 
the time for which a treatment is given has an impact on the response of the plant. According to 
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the multivariate approach, there was no plant effect, treatment effect or interaction between plant 
and treatment (Table 6a). Leaf area during week 1 and week 2, of all the leaves regardless of 
species was similar except for P.ambiguus plants receiving 150 mg/L N (Table 6(i)). There was 
an increase in leaf area of both species receiving both treatments from week 2 to week 3 (Figure 
8).  
Table 6(ii): Leaf area (cm
2
) (LSMeans) and standard deviation for week 1 to 3, Experiment 2 
Plant/ Leaf area  week 1 Std. deviation week 3 Std. deviation 
Parviflorus 0 10.2 0.5939 11.16 0.2969 
Parviflorus 150 10.675 1.2232 24.125 3.2456 
Ambiguus 0 11.68 2.9274 14.54 0.9051 
Ambiguus 150 15.26 1.1879 25.23 2.3758 
 
Week 1 and 3 ANOVA  
According to this analysis, the interaction between treatment and week is significant (p value 
0.0009) (Table 6b). Thus, any change in leaf area between week 1 and 3 is due to the treatment 
the plants are getting for that period of time.  
                                         
P. parviflorus plants receiving 0 mg/L N did not grow during week 1 to 3 while 150 mg/ L N 
showed an increase in their leaf area during this time (Table 6(ii)). P. ambiguus plants receiving 
0 mg/ L N showed a slight increase in the leaf area while plants receiving 150 mg/ L N showed a 
large increase in the leaf area between week 1 and 3 (Figure 8).  
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Table 6(iii): Leaf area (cm
2
) (LSMeans) and standard deviation for week 1 to 3, Experiment 2 
Plant/ Leaf area week 2 Std. deviation week 3 Std. deviation 
Parviflorus 0 24.055 0.1202 11.16 0.2969 
Parviflorus 150 22.64 6.4205 24.125 3.2456 
Ambiguus 0 23.045 0.0777 14.54 0.9051 
Ambiguus 150 48.53 15.331 25.23 2.3758 
 
Week 2 and 3 ANOVA  
 
 
 Here, the interaction between treatment and week is significant (p value 0.0009). Thus there is a 
difference in leaf area due to the duration for which a plant is receiving that treatment (Table 6c). 
                                     
In Table 6c, the LSMeans of leaf area for week 1 were very similar during the first week 
regardless of the species (P. parviflorus- 10.20 cm
2
 and 10.68 cm
2
, P. ambiguus- 11.68 cm
2
 and 
15.26 cm
2
). But with the change in the leaf area is similar for a treatment in both the species 
(Table 6(iii)). For plants receiving 0 mg/ L N, the leaf area increased slightly from week 1 to 
week 3 in both the species (P.parviflorus 10.20 cm
2
 to 11.16 cm
2
 and P.ambiguus 11.68 cm
2
 to 
14.54 cm
2
). For plants receving 150 mg/ L N the leaf area had a huge increase from week 1 to 
week 3 in both the species (P. parviflorus 10.68 cm
2
 to 24.13 cm
2
 and P. ambiguus 15.26 cm
2
 to 
25.23 cm
2
) (Figure  8).  
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Figure 8: Leaf area (cm
2
) for week 1, 2 and 3 of Experiment 2 (Plant species were Plectranthus 
parviflorus and Plectranthus ambiguus with nitrogen (150 mg/L) or without nitrogen (0 mg/L) 
 
Experiment 1:  
Table 7(i): Leaf area (cm
2
) (LSMeans) and standard deviation for week 4 to 6, Experiment 1 
Plant/Leaf area week 4 Std. deviation week 5 Std. deviation 
Parviflorus 0-0 N 12.495 8.3417 13.0825 7.9837 
Parviflorus 150-0 N 36.125 8.3417 19.99 7.9837 
Parviflorus 150-150 N 44.04 8.3417 22.83 7.9837 
Parviflorus 0-150 N 12.6825 8.3417 7.66 7.9837 
Ambiguus 0-0 N 16.98 8.3417 13.3625 7.9837 
Ambiguus 150-0 N 84.85 8.3417 23.25 7.9837 
Ambiguus 150-150 N 64.33 8.3417 60.77 7.9837 
Ambiguus 0-150 N 5.2525 8.3417 4.92 7.9837 
 
Week 4 and 5 repeated measures: 
Here the interaction between week, plant and treatment is significant (p value 0.0063). Thus 
there is a difference in the leaf area of the two species according to the treatment they receive 
over week 4 and 5 (Table 7a). Here both the plant effect (p value 0.0386) and the treatment effect 
(p value 0.0015) were significant. Thus, there is a difference in the leaf area of both the species 
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and also there is a difference in leaf area of the different treatment. P. parviflorus plants 
receiving 0-0 mg/ L did not grow while for 150-0 mg/ L N, 150-150 mg/ L N and 0-150 mg/ L N 
plants the leaf area decreased from week 4 to week 5 (Table 7(i)) (Figure 9).  
Experiment 2: 
Table 8(i): Leaf area (cm
2
) (LSMeans) and standard deviation for week 4 to 6, Experiment 2 
Plant/ Leaf area week 4 Std. deviation week 5 Std. deviation 
Parviflorus 0-0 N 11.78 4.2875 11.39 6.7156 
Parviflorus 150-0 N 35.6725 4.2875 36.722 6.7156 
Parviflorus 150-150 N 30.27 4.2875 37.6925 6.7156 
Parviflorus 0-150 N 8.435 4.2875 20.695 6.7156 
Ambiguus 0-0 N 15.715 4.2875 13.415 6.7156 
Ambiguus 150-0 N 54.83 4.2875 30.8475 6.7156 
Ambiguus 150-150 N 56.9375 4.2875 54.1825 6.7156 
Ambiguus 0-150 N 15.33 4.2875 19.815 6.7156 
 
There was not a significant week effect in this repeated measure analysis.  Just like in Exp 1, 
there was a significant plant effect (p value 0.0332) and treatment effect (p value 0.0003). Thus, 
there is a difference in the leaf area of both the species and also there is a difference in leaf area 
of the different treatments (Table 8a). 
                                        
P. parviflorus plants receiving 0-0 mg/ L N and 150-0 mg/ L N plants did not grow from week 4 
to 5 (Table 8(i)). While plants receiving 150-150 mg/ L N and 0-150 mg/ L N showed an 
increase in leaf area during the same period. P.ambiguus plants receiving 0-0 mg/ L N and 150-
150 mg/ L N did not grow from week 4 to 5 whereas, for plants receiving 150-0 mg/ L N leaf 
area decreased and plants receiving 0-150 mg/ L N increased in their leaf area (Figure 10). 
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Week 4, 5 and 6 repeated measures 150-0 mg/ L and 150-150 mg/ L: 
 Experiment 1:  
Table 7(ii): Leaf area (cm
2
) (LSMeans) and standard deviation for week 4 to 6, Experiment 1 
Plant/Leaf area week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 36.125  11.6641 19.99  11.2426 27.14  9.6237 
Parviflorus 150-150 N 44.04  11.6641 22.83   11.2426 29.865   9.6237 
Ambiguus 150-0 N 84.85  11.6641 23.25   11.2426 18.15   9.6237 
Ambiguus 150-150 N 64.33  11.6641 60.77   11.2426 41.56   9.6237 
 
The interaction between week and plant is significant here (p value 0.0330). Thus there was a 
change in the leaf area of the two species over the period of week4 to 6 (Table 7b). While no 
other effect was significant here. P.parviflorus plants 150-0 mg/ L N and 150-150 mg/ L N 
plants lost leaf area during week 4 to 5 but then grew during week 5 to 6. P.ambiguus plants 
receiving 150-0 mg/ L N lost leaf area continuously from week 4 to 6 while plants receiving 150-
150 mg/ L N did not grow from week 4 to 5 but then lost leaf area from week 5 to 6 (Table 7(ii)) 
(Figure 9). 
Experiment 2: 
Table 8(ii): Leaf area (cm
2
) (LSMeans) and standard deviation for week 4 to 6, Experiment 2 
Plant/ Leaf area week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 35.6725  5.4457 36.722   8.5662 28.84   6.8490 
Parviflorus 150-150 N 30.27  5.4457 37.6925   8.5662 36.5225   6.8490 
Ambiguus 150-0 N 54.83  5.4457 30.8475   8.5662 38.9025   6.8490 
Ambiguus 150-150 N 56.9375  5.4457 54.1825   8.5662 45.2125   6.8490 
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There is no significant effect here (Table 8b). P. parviflorus plants receiving 150-0 mg/ L N did 
not grow from week 4 to 5 but then lost leaf area. Plants receiving 150-150 mg/ L N grew from 
week 4 to 5 but then did not grow further (Table 8(ii)).  P. ambiguus plants receiving 150-0 mg/ 
L N lost leaf area from week 4 to 5 and then just did not grow, whereas, plants receiving 150-150 
mg/ L N did not grow from week 4 to 6 (Figure 10). 
Week 4, 5 and 6 ANOVA 0-0 mg/ L and 0-150 mg/ L: 
 Experiment 1: 
Table 7(iii): Leaf area (cm
2
) (LSMeans) and standard deviation for week 4 to 6, Experiment 1 
Plant/Leaf area week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 12.495 4.2108 13.0825 2.1389 13.29 0.4242 
Parviflorus 0-150 N 12.6825 0.2298 7.66 1.9728 8.23 3.0193 
Ambiguus 0-0 N 16.98 1.1879 13.3625 0.4419 14.575 2.1849 
Ambiguus 0-150 N 5.2525 2.3935 4.92 0.0636 26.435 5.6781 
 
In this analysis, the interaction between plant, treatment and week was significant (p value 
0.0004) (Table 7c). Thus, the change in leaf area should be because of a species‘ getting a certain 
treatment for some period of time.  
P. parviflorus plants receiving 0-0 mg/ L N and 0-150 mg/ L N both did not grow from week 4 
to 6. Nonetheless, P. ambiguus plant receiving 0-0 mg/ L N lost leaf area from week 4 to 5 and 
then did not change further, while, plants receiving 0-150 mg/ L N just did not grow from week 4 
to 5 but then showed an increase in leaf area (Table 7(iii)) (Figure 9). 
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Table 8(iii): Leaf area (cm
2
) (LSMeans) and standard deviation for week 4 to 6, Experiment 2 
Experiment 2:  
Plant/ Leaf area week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 11.78 4.8083 11.39 4.8932 8.735 1.7183 
Parviflorus 0-150 N 8.435 5.5507 20.695 0.6152 12.225 1.3647 
Ambiguus 0-0 N 15.715 1.5344 13.415 5.1972 9.335 2.1991 
Ambiguus 0-150 N 15.33 0.8202 19.815 9.1287 48.26 43.204 
 
There was no significant effect on leaf area (Table 8c). P.parviflorus plants receiving 0-0 mg/ L 
N did not grow from week 4 to 5 but then lost leaf area from week 5 to 6. Plants receiving 0-150 
mg/ L N grew from week 4 to 5 and did not grow from week 5 to 6 (Table 8(iii)). P. ambiguus 
plants receiving 0-0 mg/ L N decreased in leaf area from week 4 to 6 whereas plants receiving 0-
150 mg/ L N grew from week 4 to 6 (Figure 10). 
Figure 9: Leaf area for chlorophyll leaves for week 4, 5 and 6, Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Figure 10: Leaf area for chlorophyll leavesfor week 4, 5 and 6, Experiment 2 (Plant species 
were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or 
without nitrogen (0 mg/L) 
 
Cytokinins 
Deactivation products 
Table 9(i): Deactivation cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt week 1 Std. deviation week 2 Std. deviation 
Parviflorus 0 N 5.33 2.2445 3.7745 2.1766 
Parviflorus 150 N 10.525 2.2445 8.4809 2.1766 
Ambiguus 0 N 16.505 2.2445 16.178 2.1766 
Ambiguus 150 N 22.205 2.2445 34.43 2.1766 
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Week 1 and 2 Repeated measures: 
According to Table 9a, there was no week effect in this repeated measures analysis, but the plant 
main effect (p value 0.0008) and the treatment main effect (0.0069) were significant. This 
showed that the concentration of deactivation cytokinins is affected by the plant species as well 
as the treatment a species was getting. The P. parviflorus plants receiving either 0 mg/L N or 150 
mg/L N decreased their deactivation cytokinin concentration from week 1 to 2. P. ambiguus 
plants receiving 0 mg/L N did not show any change in deactivation cytokinins concentration 
while those receiving 150 mg/L N showed an increase in their deactivation cytokinin level 
(Table 9(i), Figure 11).  
Table 9(ii): Deactivation cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt week 1 Std. deviation  week 3 Std. deviation 
Parviflorus 0 N 5.33 3.0688 6.81 5.1618 
Parviflorus 150 N 10.525 1.3081 5.52 2.1071 
Ambiguus 0 N 16.505 5.2962 16.13 0.2262 
Ambiguus 150 N 22.205 1.0677 10.105 3.3021 
 
Week 1 and 3 ANOVA: 
In Table 9b, there was a significant plant main effect (p value 0.0004), week main effect (p value 
0.0373) and a significant interaction between treatment and week (p value 0.0219). P. 
parviflorus and P. ambiguus plants receiving 0 mg/L N maintained their deactivation cytokinins 
concentration while plants receiving 150 mg/L N showed a decline in cytokinin concentration 
(Table 9(ii), Figure 11).   
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Table 9(iii): Deactivation cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 
3, Experiment 1 
Plant/ Cyt week 2 Std. deviation  week 3 Std. deviation 
Parviflorus 0 N 3.7745 0.8845 6.81 5.1618 
Parviflorus 150 N 8.4809 3.7331 5.52 2.1071 
Ambiguus 0 N 16.178 1.4847 16.13 0.2262 
Ambiguus 150 N 34.43 4.5855 10.105 3.2973 
 
Week 2 and 3 ANOVA: 
In table 9c, there was a significant interaction between plant, treatment and week (p value 
0.0202). The deactivation cytokinin concentration increased from week 2 to 3 of Plectranthus 
parviflorus plants receiving 0 mg/L N while it decreased for Plectranthus parviflorus plants 
receiving 150 mg/L N. Plectranthus ambiguus plants receiving 0 mg/L N maintained their 
deactivation cytokinin concentration while plants receiving 150 mg/L N showed a decrease in 
their concentration (Table 9(iii), Figure 11).  
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Figure 11: Deactivation cytokinin concentration for week 1 to 3 of Experiment 1 (Plant species 
were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or 
without nitrogen (0 mg/L) 
 
Table 10(i): Deactivation cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 
5, Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation 
Parviflorus 0-0 N 8.63 1.8948 13.755 1.4838 
Parviflorus 150-0 N 3.845 1.8948 2.1 1.4838 
Parviflorus 150-150 N 5.56 1.8948 3.535 1.4838 
Parviflorus 0-150 N 5.765 1.8948 10.485 1.4838 
Ambiguus 0-0 N 7.415 1.8948 9.835 1.4838 
Ambiguus 150-0 N 15.535 1.8948 11.84 1.4838 
Ambiguus 150-150 N 9.41 1.8948 13.68 1.4838 
Ambiguus 0-150 N 15.635 1.8948 32.135 1.4838 
 
Week 4 and 5 Repeated measures: 
In Table 10a, repeated analysis there was a significant week effect (p value 0.0076) and 
significant interaction between week and treatment (p value 0.0049). Thus it was the treatment 
and the time period for which it was given that had an impact on the deactivation cytokinin 
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concentration. According to the multivariate approach, there was a significant interaction 
between plant and treatment (p value 0.0002), plant main effect (p value <0.0001) and treatment 
main effect (p value 0.0003). The deactivation cytokinin concentration of all plants receiving 0-0 
mg/L N, of both species, increased from week 4 to week 5 while deactivation cytokinins 
concentration of all plants receiving 150-0 mg/L N decreased (Table 10(i)). P. Parviflorus plants 
receiving 150-150 mg/L N showed a decline in their deactivation cytokinins concentration while 
P. ambiguus plants receiving 150-150 mg/L N showed an increase in their deactivation cytokinin 
concentration. The plants receiving 0-150 mg/L N of both species showed an increase in their 
deactivation cytokinins from week 4 to 5 (Figure 12).   
Table 10(ii): Deactivation cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 
6, Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 3.845   1.8905 2.1  0.7424 2.175  0.3213 
Parviflorus 150-150 N 5.56   1.8905 3.535  0.7424 4.075  0.3213 
Ambiguus 150-0 N 15.535   1.8905 11.84  0.7424 11.665  0.3213 
Ambiguus 150-150 N 9.41   1.8905 13.68  0.7424 10.245  0.3213 
 
Week 4, 5 and 6 Repeated measures 150-0 mg/L and 150-150 mg/L 
In this repeated measures there was not a significant week effect. In Table 10b, multivariate 
approach showed a significant plant main effect (p value 0.0003). Thus there is a difference in 
the deactivation cytokinins concentration of the two species despite of the treatment they 
received. The P. parviflorus and P. ambiguus plants receiving 150-0 mg/L N showed a litle 
decline from week 4 to 5 but then maintained their concentration of deactivation cytokinins 
(Table 10(ii)). Nonetheless, there was a large quantitative difference in the concentration of the 
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deactivation cytokinins in the two species. P. parviflorus plant receiving 150-150 mg/L N 
showed a little decline from week 4 to 5 but then maintained their deactivation cytokinin 
concentration from week 5 to 6. While P.ambiguus plants receiving 150-150 mg/L N showed an 
increase in deactivation cytokinin concentration from week 4 to 5 and then a decline from week 
5 to 6 (Figure 12). 
Table 10(iii): Deactivation cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 
6, Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 8.63 1.9516 13.755 2.9203 9.505 0.3747 
Parviflorus 0-150 N 5.765 1.294 10.485 1.1101 9.79 0.2121 
Ambiguus 0-0 N 7.415 2.2556 9.835 1.9162 10.725 0.7566 
Ambiguus 0-150 N 15.635 4.2779 32.135 4.1648 2.72 1.4566 
 
Week 4, 5 and 6 ANOVA, treatment 0-0 mg/L and 0-150 mg/L 
The ANOVA in table 10c, showed a significant interaction between plant, treatment and week 
effect (p value <0.0001). This showed that the two species were showing a difference in 
deactivation cytokinin concentration due to the treatments they have been receiving over 3 
weeks. P. parviflorus and P. ambiguus plants receiving 0-0 mg/L N showed an increase in their 
deactivation cytokinin from week 4 to5 and then maintained them from week 5 to 6 (Table 
10(iii)). While P. parviflorus and P. ambiguus plants receiving 0-150 mg/L N showed a sharp 
increase in deactivation cytokinin concentration from week 4 to 5, from week 5 to 6, P. 
parviflrous plants maintained their concentration of deactivation cytokinins,  P. ambiguus plants 
showed a sharp decline in theirs (Figure 12). 
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Figure 12: Deactivation cytokinins concentration for week 4 to 6 of Experiment 1 (Plant species 
were parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
Plectranthus nitrogen (0 mg/L) 
 
Storage forms 
Table 11(i): Storage cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt  week 1 Std. deviation  week 2 Std. deviation 
Parviflorus 0 N 4.465 4.1967 4.275 2.1267 
Parviflorus 150 N 8.91 4.1967 12.08 2.1267 
Ambiguus 0 N 12.765 4.1967 33.62 2.1267 
Ambiguus 150 N 32.61 4.1967 56.615 2.1267 
 
 
 
0
5
10
15
20
25
30
35
40
D
e
ac
ti
va
ti
o
n
 c
yt
o
ki
n
in
 (
p
m
o
l/
 g
)
N concentration (mg/L)
week 4
week 5
week 6
59 
 
Week 1 and 2 Repeated measures 
In the Table 11a repeated measures, there was a significant week effect (p value 0.0106) and a 
significant interaction between week and plant (p value 0.0166). According to the multivariate 
approach, interaction between plant and treatment in significant (p value 0.0195). Thus, this 
showed that the two species were showing a difference in storage cytokinins concentration due to 
the treatments they have been receiving. P. parviflorus plants receiving 0 mg/L N maintain their 
storage cytokinin concentration while those receiving 150 mg/L N showed an increase in theirs 
(Table 11(i)). P.ambiguus plants receiving either 0 mg/L N or 150 mg/L showed an increase in 
their storage cytokinin concentration (Figure 13).  
Table 11(ii): Storage cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt  week 1 Std. deviation  week 3 Std. deviation 
Parviflorus 0 N 4.465 1.2232 7.865 6.9225 
Parviflorus 150 N 8.91 4.0729 23.735 10.4298 
Ambiguus 0 N 12.765 10.0621 26.535 7.3468 
Ambiguus 150 N 32.61 4.6527 41.42 6.7316 
 
Week 1 and 3 ANOVA 
Table 11b ANOVA showed a significant plant main effect (p value 0.0013), treatment main 
effect (p value 0.0045) and week main effect (p value 0.0200). P. parviflorus and P. ambiguus 
plants receiving either 0 mg/L N or 150 mg/L showed an increase in storage cytokinin 
concentration from week 1 to 3 (Table 11(ii)), but there was a large quantitative difference 
between the storage cytokinin concentration of of two species as well as between plants 
receiving 0 mg/L N and those receiving 150 mg/L N (Figure 13).   
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Table 11(iii): Storage cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt  week 2 Std. deviation  week 3 Std. deviation 
Parviflorus 0 N 4.275 1.4637 7.865 6.9225 
Parviflorus 150 N 12.08 3.5779 23.735 10.4298 
Ambiguus 0 N 33.62 2.7294 26.535 7.3468 
Ambiguus 150 N 56.615 3.7123 41.42 6.7316 
 
Week 2 and 3 ANOVA 
Table 11c showed a significant interaction between plant and week effect (p value 0.0146), plant 
main effect (p value <0.0001) and treatment main effect (p value 0.0009). P. parviflorus plants 
receiving either 0 mg/L N or 150 mg/L N showed an increase in their storage cytokinin 
concentration (Table 11(iii)). P. ambiguus plants receiving either 0 mg/L N or 150 mg/L N 
showed a decrease in storage cytokinin concentration (Figure 13).  
Figure 13: Storage cytokinins concentration for week 1 to 3 of Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Table 12(i): Storage cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/ Cyt week 4 Std. deviation week 5 Std. deviation 
Parviflorus 0-0 N 7.703 4.0917 3.296 2.9337 
Parviflorus 150-0 N 29.115 4.0917 13.495 2.9337 
Parviflorus 150-150 N 18.365 4.0917 14.49 2.9337 
Parviflorus 0-150 N 9.0671 4.0917 2.037 2.9337 
Ambiguus 0-0 N 15.9225 4.0917 13.7795 2.9337 
Ambiguus 150-0 N 43.305 4.0917 28.545 2.9337 
Ambiguus 150-150 N 29.215 4.0917 20.04 2.9337 
Ambiguus 0-150 N 19.972 4.0917 23.024 2.9337 
 
Week 4 and 5 Repeated measures 
Table 12a repeated analysis showed a significant week effect (p value 0.0015) and significant 
interaction between week and treatment (p value 0.0437). According to the multivariate 
approach, both plant main effect (p value 0.0004) and treatment main effect (p value 0.0011) 
were significant. This showed that there was a difference in the response (storage cytokinin 
concentration) of the two species as well as there was a difference due to the treatments they 
were receiving. All P. parviflorus plants regardless of the treatment they were receiving showed 
a decline in the storage cytokinins concentration from week 4 to 5 (Table 12(i)). All P. ambiguus 
plants, except for those receiving 0-150 mg/L N, also showed a decline in storage cytokinins 
concentration.  P. ambiguus plants receiving 0-150 mg/L N showed an increase in their storage 
cytokinins concentration from week 4 to 5 (Figure 14). 
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Table 12(ii): Storage cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/ Cyt week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 29.115  3.3855 13.495   2.6353 7.5035   5.3159 
Parviflorus 150-150 N 18.365  3.3855 14.49   2.6353 17.955   5.3159 
Ambiguus 150-0 N 43.305  3.3855 28.545   2.6353 24.8845   5.3159 
Ambiguus 150-150 N 29.215  3.3855 20.04   2.6353 20.09   5.3159 
 
Week 4, 5 and 6 Repeated measures, 150-0 mg/L and 150-150 mg/L 
Repeated measures analysis in table 12b, showed a significant week effect (p value 0.0081). 
According to the multivariate approach, plant main effect was significant (p value 0.0151). 
Plants receiving 150-0 mg/L N of both species showed a decline in storage cytokinin 
concentration from week 4 to 6. P.parviflorus plants receiving 150-150 mg/L N showed a 
decrease from week 4 to 5 but an increase from week 5 to 6 in the storage cytokinins 
concentration (Table 12(ii)). P. ambiguus plants receiving 150-150 mg/L N showed a decrease 
from week 4 to 5 but then maintained the concentration of storage cytokinins from week 5 to 6 
(Figure 14).  
Table 12(iii): Storage cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/ Cyt week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 7.703 6.3738 3.296 2.1122 2.2067 1.2652 
Parviflorus 0-150 N 9.0671 11.0208 2.037 0.6915 7.2645 1.3498 
Ambiguus 0-0 N 15.9225 2.6891 13.7795 8.7829 11.722 9.4469 
Ambiguus 0-150 N 19.972 2.6191 23.024 0.2503 29.085 11.2217 
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Week 4, 5 and 6 ANOVA, 0-0 mg/L and 0-150 mg/L 
In table 12c, plant main effect (p value 0.0002) and treatment main effect (p value 0.0388) were 
found to be significant. P.parviflorus and P.ambiguus plants receiving 0-0 mg/L N showed a 
little decline in their storage cytokinin concentration from week 4 to 6 (Table 12(iii)). P. 
parviflrous plants receiving 0-150 mg/L N decreased their storage cytokinin concentration from 
week 4 to 5 but then increased it from week 5 to 6. P. ambiguus plants receiving 0-150 mg/L N 
showed an increase in their storage cytokinin concentration from week 4 to 6 (Figure 14). 
Figure 14: Storage cytokinins concentration for week 4 to 6 of Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Physiologically active forms 
Table 13(i): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 1 to 3, Experiment 1 
Plant/ Cyt  week 1 Std. deviation week 2 Std. deviation 
Parviflorus 0 N 0.71345 0.6857 0.4851 0.4736 
Parviflorus 150 N 3.68305 0.6857 3.7864 0.4736 
Ambiguus 0 N 1.865 0.6857 2.365 0.4736 
Ambiguus 150 N 4.8235 0.6857 4.667 0.4736 
 
Week 1 and 2 Repeated measures 
Table 13a repeated analysis measure showed no week effect. According to the multivariate 
approach, treatment main effect was significant (p value 0.0041). P. parviflorus plants receiving 
0 mg/L N showed a decrease in physiologically active cytokinin concentration while P. 
ambiguus plants receiving 0 mg/L N showed an increase in the physiologically active cytokinin 
concentration (Table 13(i)). P.parviflorus and P. ambiguus plants receiving 150 mg/L N 
maintained their physiologically active cytokinin concentration (Figure 15).  
Table 13(ii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 1 to 3, Experiment 1 
Plant/ Cyt  week 1 Std. deviation week 3 Std. deviation 
Parviflorus 0 N 0.71345 0.0559 1.0732 0.4395 
Parviflorus 150 N 3.68305 0.8838 5.3235 0.4617 
Ambiguus 0 N 1.865 0.6491 1.9029 0.3239 
Ambiguus 150 N 4.8235 1.5987 5.989 1.4581 
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Week 1 and 3 ANOVA 
In table 13b, the treatment main effect was significant (p value <0.0001). P.parviflorus and P. 
ambiguus plants receiving 0 mg/L N maintained their physiologically active cytokinin 
concentration from week 1 to 3 (Table 13(ii)). P.parviflorus and P.ambiguus plants receiving 
150 mg/L showed an increase in physiologically active cytokinin concentration (Figure 15).  
Table 13(iii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 1 to 3, Experiment 1 
Plant/ Cyt week 2 Std. deviation week 3 Std. deviation 
Parviflorus 0 N 0.4851 0.0763 1.0732 0.4395 
Parviflorus 150 N 3.7864 0.7387 5.3235 0.4617 
Ambiguus 0 N 2.365 0.1499 1.9029 0.3239 
Ambiguus 150 N 4.667 1.1045 5.989 1.4581 
 
Week 2 and 3 ANOVA 
In table 13c, the plant main effect (p value 0.0212) and the treatment main effect (p value 
<0.0001) were significant. P.parviflorus plants receiving 0 mg/L N increased in their 
physiologically active cytokinin concentration while P. ambiguus plants receiving 0 mg/L N 
decreased in their physiologically active cytokinin concentration from week 2 to 3 (Table13(iii)). 
P.parviflorus and P.ambiguus plants receiving 150 mg/L N showed an increase in 
physiologically active cytokinin concentration from week 2 to 3 (Figure 15). 
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Figure 15: Physiologically active cytokinins concentration for week 1 to 3 of Experiment 1 
(Plant species were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen 
(150 mg/L) or without nitrogen (0 mg/L) 
 
Table 14(i): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 4 to 5, Experiment 1 
Plant/ Cyt week 4 Std. deviation week 5 Std. deviation 
Parviflorus 0-0 N 1.2165 1.0297 0.648 0.8389 
Parviflorus 150-0 N 5.4425 1.0297 2.2555 0.8389 
Parviflorus 150-150 N 4.5265 1.0297 4.231 0.8389 
Parviflorus 0-150 N 3.5135 1.0297 2.7986 0.8389 
Ambiguus 0-0 N 1.199 1.0297 0.7914 0.8389 
Ambiguus 150-0 N 3.6474 1.0297 2.4955 0.8389 
Ambiguus 150-150 N 3.4315 1.0297 3.0405 0.8389 
Ambiguus 0-150 N 2.3145 1.0297 3.7395 0.8389 
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Week 4 and 5 Repeated measures 
Table 14a repeated analysis showed no week effect while the multivariate approach had a 
significant treatment main effect (p value 0.0184). P.parviflorus and P.ambiguus plants receiving 
0-0 mg/L N and 150-0 mg/L N showed a decline in the physiologically active cytokinin 
concentration from week 4 to 5 (Table 14(i)). Plants receiving 150-150 mg/L N of both species 
maintain their physiologically active cytokinin concentration from week 4 to 5. P.parviflorus 
plants receiving 0-150 mg/L N showed a decrease in physiologically active cytokinin 
concentration while P.ambiguus plants receiving 0-150 mg/L N showed an increase in 
physiologically active cytokinin concentration from week 4 to 5 (Figure 16). 
Table 14(ii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 4 to 6, Experiment 1 
Plant/ Cyt week 4 Std. deviation week 5 Std. deviation  week 6 Std. deviation 
Parviflorus 150-0 N 5.4425 0.4680  2.2555  0.9003 1.4802 0.4594  
Parviflorus 150-150 N 4.5265 0.4680   4.231  0.9003  4.53 0.4594   
Ambiguus 150-0 N 3.6474 0.4680   2.4955  0.9003  1.2055 0.4594   
Ambiguus 150-150 N 3.4315 0.4680   3.0405  0.9003  1.2902 0.4594   
 
Week 4, 5 and 6 repeated measures, 150-0 mg/L and 150-150 mg/L 
Table 14b repeated measures analysis showed a significant week effect (p value 0.0186) while 
the multivariate approach analysis showed a significant plant main effect (p value 0.0392). 
P.parviflorus and P.ambiguus plants receiving 150-0 mg/L N showed a decline in their 
physiologically active cytokinin concentration from week 4 to 6. P.parviflorus plants receiving 
150-150 mg/L N maintained their physiologically active cytokinin concentration while 
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P.ambiguus plants receiving 150-150 mg/L N showed a decrease in their physiologically active 
cytokinin concentration from week 4 to 6 (Table 14(ii), Figure 16).  
Table 14(iii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 4 to 6, Experiment 1 
Plant/ Cyt week 4 Std. deviation week 5 Std. deviation  week 6 Std. deviation 
Parviflorus 0-0 N 1.2165 0.6455 0.648 0.4143 0.7853 0.0824 
Parviflorus 0-150 N 3.5135 3.761 2.7986 1.3609 3.7285 0.1463 
Ambiguus 0-0 N 1.199 0.2856 0.7914 0.2214 0.8975 0.3288 
Ambiguus 0-150 N 2.3145 0.7558 3.7395 1.644 3.9263 2.0417 
 
Week 4, 5 and 6 ANOVA, 0-0 mg/L and 0-150 mg/L 
Table 14 showed a significant treatment main effect (p value 0.0013). P.parviflorus plants 
receiving either 0-0 mg/L or 0-150 mg/L showed a decline in physiologically active cytokinin 
concentration from week 4 to 5 but then maintained its concentration from week 5 to 6 (Table 
14(iii)). P.ambiguus plants receiving 0-0 mg/L N decreased in physiologically active cytokinin 
concentration from week 4 to 5 and then maintained it from week 5 to 6 while those receiving 0-
150 mg/L N increased in physiologically active cytokinin concentration from week 4 to 5 and 
then maintained it from week 5 to 6 (Figure 16). 
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Figure 16: Physiologically active cytokinins concentration for week 4 to 6 of Experiment 1 
(Plant species were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen 
(150 mg/L) or without nitrogen (0 mg/L) 
 
Biological precursors 
Table 15(i): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 1 to 2, Experiment 1 
Plant/ Cyt week 1 Std. deviation week 2 Std. deviation 
Parviflorus  0 N  0.095 0.7529 0.0443 0.2582 
Parviflorus 150 N 1.9065 0.7529 5.1345 0.2582 
Ambiguus  0 N 1.1155 0.7529 0.539 0.2582 
Ambiguus 150 N 4.1195 0.7529 6.695 0.2582 
 
Week 1 and 2 repeated measures 
Table 15a repeated analysis measures showed a significant week effect (p value 0.0346) and 
significant interaction between week and treatment (p value 0.0174). The multivariate approach 
showed a significant plant main effect (p value 0.0263) and treatment main effect (p value 
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0.0005). This showed that both the plant and the treatment determine the difference in biological 
precursor cytokinin concentration. P.parviflorus and P.ambiguus plants receiving 0 mg/L N 
showed a decrease in biological precursor cytokinin concentration (Table 15(i)). While 
P.parviflorus and P.ambiguus plants receiving 150 mg/L N showed an increase in their 
biological precursor cytokinin concentration from week 1 to 2 (Figure 17). 
Table 15(ii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 1 to 3, Experiment 1 
Plant/ Cyt week 1 Std. deviation  week 3 Std. deviation 
Parviflorus  0 N 0.095 0.0919 0.1325 0.1308 
Parviflorus 150 N 1.9065 0.589 5.305 2.4253 
Ambiguus   0 N 1.1155 1.5775 0.1575 0.2227 
Ambiguus 150 N 4.1195 1.3003 6.367 0.618 
 
Week 1 and 3 ANOVA 
Table 15b showed a significant treatment main effect (p value 0.0001) and a significant 
interaction between treatment and week (0.0226). This showed that irrespective of the plant 
species the biological precursor cytokinin concentration varies due to the treatment a plant was 
receiving over 3 weeks. P.parviflorus and P.ambiguus plants receiving 0 mg/L N showed an 
increase and decrease, respectively, in biological precursor cytokinin concentration from week 1 
to 3 (Table 15(ii)). While P.parviflorus and P.ambiguus plants receiving 150 mg/L N showed an 
increase in their biological precursor cytokinin concentration from week 1 to 3 (Figure 17).  
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Table 15(iii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 1 to 3, Experiment 1 
Plant/ Cyt week 2 Std. deviation  week 3 Std. deviation 
Parviflorus  0 N 0.0443 0.006 0.1325 0.1308 
Parviflorus 150 N 5.1345 0.077 5.305 2.4253 
Ambiguus  0 N 0.539 0.5388 0.1575 0.2227 
Ambiguus 150 N 6.695 0.4879 6.367 0.618 
 
Week 2 and 3 ANOVA 
Table 15c showed a significant treatment main effect (p value <0.0001). Thus the treatment a 
plant receives determines any change in its biological precursor cytokinin concentration. 
P.parviflorus and P.ambiguus plants receiving 0 mg/L N showed an increase and decrease, 
respectively, in biological precursor cytokinin concentration from week 2 to 3 (Table 15(iii)). 
While P.parviflorus and P.ambiguus plants receiving 150 mg/L N maintained their biological 
precursor cytokinin concentration from week 2 to 3 (Figure 17). 
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Figure 17: Biological precursor cytokinins concentration for week 1 to 3 of Experiment 1 (Plant 
species were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 
mg/L) or without nitrogen (0 mg/L) 
 
 
Table 16(i): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 4 to 6, Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation 
Parviflorus 0-0 N 0.0605 0.2190 0.06 0.4647 
Parviflorus 150-0 N 2.186 0.2190 1.349 0.4647 
Parviflorus 150-150 N 2.373 0.2190 2.67 0.4647 
Parviflorus 0-150 N 0.0634 0.2190 1.1091 0.4647 
Ambiguus 0-0 N 0.151 0.2190 0.063 0.4647 
Ambiguus 150-0 N 3.621 0.2190 0.2722 0.4647 
Ambiguus 150-150 N 3.61 0.2190 0.646 0.4647 
Ambiguus 0-150 N 0.313 0.2190 1.737 0.4647 
 
Week 4 and 5 Repeated analysis 
Repeated measures analysis in table 16a showed a significant interaction between week, plant 
and treatment (p value 0.0032) while the multivariate approach showed a significant treatment 
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main effect (p value 0.0004). P.plectranthus and P.ambiguus plants receiving 0-0 mg/L N 
maintain and decreased respectively, their biological precursor cytokinin concentration, those 
plants receiving 150-0 mg/L N showed a decrease in their biological precursor cytokinin 
concentration while those receiving 0-150 mg/L N showed an increase in biological precursor 
cytokinin concentration from week 4 to 5 (Table 16(i)). P.plectranthus plants receiving 150-150 
mg/L N increased their biological precursor cytokinin concentration while P.ambiguus plants 
receiving 150-150 mg/L N increased their biological precursor cytokinin concentration (Figure 
18). 
Table 16(ii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 4 to 6, Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation  week 6 Std. deviation 
Parviflorus 150-0 N 2.186 0.2945 1.349 0.3229 0.282 0.2197 
Parviflorus 150-150 N 2.373 0.2945 2.67 0.3229 3.319 0.2197 
Ambiguus 150-0 N 3.621 0.2945 0.2722 0.3229 0.4098 0.2197 
Ambiguus 150-150 N 3.61 0.2945 0.646 0.3229 1.6166 0.2197 
 
Week 4, 5 and 6 Repeated measures, 150-0 mg/L and 150-150 mg/L 
Repeated measures analysis in table 16b showed a significant interaction between week, plant 
and treatment (p value 0.0.05) while the multivariate approach showed a significant treatment 
main effect (p value 0.0103). P.parviflorus plants receiving 150-0 mg/L N showed a decrease in 
biological precursor cytokinin concentration while those receiving 150-150 mg/L showed an 
increase in biological precursor cytokinin concentration (Table 16(ii)). P.ambiguus receiving 
150-0 mg/L N and 150-150mg/L N showed a decrease in biological precursor cytokinin 
concentration from week 4 to 5 and increased it from week 5 to 6 (Figure 18).  
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Table 16(iii): Physiologically active cytokinins (pmol/g) (LSMeans) and standard deviation for 
week 4 to 6, Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation  week 6 Std. deviation 
Parviflorus 0-0 N 0.0605 0.0853 0.06 0.0199 0.1079 0.0426 
Parviflorus 0-150 N 0.0634 0.05741 1.1091 0.7211 2.0485 0.1393 
Ambiguus 0-0 N 0.151 0.2135 0.063 0.089 0.3135 0.0572 
Ambiguus 0-150 N 0.313 0.1315 1.737 1.4467 3.72 1.3293 
 
Week 4, 5 and 6 ANOVA, 0-0 mg/L and 0-150 mg/L 
Table 16c showed a significant interaction between treatment and week (p value 0.0041), 
treatment main effect (p value 0.0023) and week main effect (p value 0.0001). P.parviflorus and 
P.ambiguus plants receiving 0-0 mg/L N maintained their biological precursor cytokinin 
concentration from week 4 to 5 but then increased it from week 5 to 6. P.parviflorus and 
P.ambiguus plants receiving 0-150 mg/L N showed an increase in their biological precursor 
cytokinin concentration from week 4 to 6 (Table 16(iii), Figure 18). 
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Figure 18: Biological precursor cytokinins concentration for week 4 to 6 of Experiment 1 (Plant 
species were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 
mg/L) or without nitrogen (0 mg/L) 
 
Cis-zeatin derivatives 
The function of cis-zeatin derivatives in plants is not known. 
Table 17(i): Cis-zeatin cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt  week 1 Std. deviation  week 2 Std. deviation 
Parviflorus 0 N 11.395 4.0751 10.22 8.3759 
Parviflorus 150 N 14.5 4.0751 9.86 8.3759 
Ambiguus  0 N 44.435 4.0751 37.965 8.3759 
Ambiguus 150 N 23.675 4.0751 23.815 8.3759 
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Week 1 and 2 repeated measures 
This repeated analysis showed that there was no week effect. The multivariate approach in table 
17a, showed a significant plant main effect (p value 0.0258). P. parviflorus plants receiving 0 
mg/L N maintained their cis-zeatin derivative cytokinins concentration while those receiving 150 
mg/L N showed a decrease in the cis-zeatin derivative cytokinins concentration (Table 17(i)). 
P.ambiguus plants receiving 0 mg/L N showed a decline in their cis-zeatin derivative cytokinins 
concentration while those receiving 150 mg/L N maintained their concentration (Figure 19).  
Table 17(ii): Cis-zeatin cytokinins (pmol/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 1 
Plant/ Cyt  week 1 Std. deviation  week 3 Std. deviation 
Parviflorus 0 N 11.395 7.0357 11.115 7.1912 
Parviflorus 150 N 14.5 1.7677 4.96 1.1455 
Ambiguus  0 N 44.435 7.5731 59.625 10.9531 
Ambiguus 150 N 23.675 4.7871 8.06 1.4566 
 
Week 1 and 3 ANOVA 
The analysis in Table 17b showed a significant interaction between treatment and week effect (p 
value 0.0121), interaction between plant and treatment effect (p value 0.0005), treatment main 
effect (p value 0.0003) and plant main effect (p value <0.0001). P. parviflorus plants receiving 0 
mg/L N maintained their cis-zeatin derivative cytokinins concentration while those receiving 150 
mg/L N showed a large decrease in theirs from week 1 to 3 (Table 17 (ii)). P. ambiguus plants 
receiving 0 mg/L N showed an increase from week 1 to 3 in their cis-zeatin derivative cytokinins 
concentration while plants receiving 150 mg/L decreased their cis-zeatin derivative cytokinins 
concentration (Figure 19).  
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Table 17(iii): Cis-zeatin cytokinins (pmol/g) (LSMeans) and standard deviation for week 2 to 3, 
Experiment 1 
Plant/ Cyt  week 2 Std. deviation  week 3 Std. deviation 
Parviflorus 0 N 10.22 5.3598 11.115 7.1912 
Parviflorus 150 N 9.86 3.2385 4.96 1.1455 
Ambiguus  0 N 37.965 15.4785 59.625 10.9531 
Ambiguus 150 N 23.815 16.8079 8.06 1.4566 
 
Week 2 and 3 ANOVA 
Plant main effect (p value 0.0013), treatment main effect (p value 0.0055) and interaction 
between plant and treatment (p value 0.0150) were significant in table 17c. This showed that the 
treatment a plant receives determines its cis-zeatin derivative cytokinins concentration. P. 
parviflorus plants receiving 0 mg/L N maintained their cis-zeatin derivative cytokinins 
concentration while those receiving 150 mg/L N showed a decline from week 2 to 3 (Table 17). 
P. ambiguus plants receiving 0 mg/L increased cis-zeatin derivative cytokinins concentration 
from week 2 to 3 while there was a drop in cis-zeatin derivative cytokinins concentration of 
those receiving 150 mg/L N (Figure 19).  
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Figure 19: Cis-zeatin derivative cytokinins concentration for week 1 to 3 of Experiment 1 (Plant 
species were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 
mg/L) or without nitrogen (0 mg/L) 
 
Table 18(i): Cis-zeatin cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 5, 
Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation 
Parviflorus 0-0 N 15.7775 3.2839 17.6445 4.6935 
Parviflorus 150-0 N 5.2025 3.2839 4.1212 4.6935 
Parviflorus 150-150 N 6.2495 3.2839 3.6407 4.6935 
Parviflorus 0-150 N 13.8065 3.2839 13.3081 4.6935 
Ambiguus 0-0 N 43.505 3.2839 67.244 4.6935 
Ambiguus 150-0 N 18.793 3.2839 20.462 4.6935 
Ambiguus 150-150 N 10.6517 3.2839 14.042 4.6935 
Ambiguus 0-150 N 73.8225 3.2839 47.6785 4.6935 
 
Week 4 and 5 Repeated measures  
In table 18a repeated analyses there was no week effect. According to the multivariate approach, 
there was a significant interaction between plant and treatment (p value 0.0003), plant main 
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effect (p value <0.0001) and treatment main effect (p value <0.0001). P.parviflorus and P. 
ambiguus plants receiving 0-0 mg/L N showed an increase in their cis-zeatin derivative 
cytokinins concentration from week 4 to 5. P.parviflorus plants receiving 150-0 mg/L N and 
150-150 mg/L N declined in their cis-zeatin derivative cytokinins concentration while those 
receiving 0-150 mg/L N maintained their cis-zeatin derivative cytokinins concentration (Table 
18(i)). P.ambiguus plants receiving 150-0 mg/L N and 150-150 mg/L N increased in their cis-
zeatin derivative cytokinins concentration from week 4 to 5 while those receiving 0-150 mg/L N 
declined (Figure 20). 
Table 18(ii): Cis-zeatin cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 5.2025  2.5546 4.1212   3.1584 4.2872  5.0907 
Parviflorus 150-150 N 6.2495  2.5546 3.6407   3.1584 3.9143  5.0907 
Ambiguus 150-0 N 18.793  2.5546 20.462   3.1584 35.8815  5.0907 
Ambiguus 150-150 N 10.6517  2.5546 14.042   3.1584 16.853  5.0907 
 
Week 4 and 5 Repeated measures, 150-0 mg/L and 150-150 mg/L  
In the above table 18b repeated measures analysis there was significant interaction between 
week, plant and treatment effect (p value 0.0090). According to the multivariate approach above, 
the plant main effect is significant (p value 0.0094). In P. parviflorus plants receiving 150-0 
mg/L N and 150-150 mg/L N cis-zeatin derivative cytokinins concentration decreased from week 
4 to 5 and then maintained it from week 5 to 6. P.ambiguus plants receiving 150-0 mg/L N and 
150-150 mg/L N showed an increase in their cis-zeatin derivative cytokinins concentration from 
week 4 to (Table 18(ii), Figure 20). 
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Table 18(iii): Cis-zeatin cytokinins (pmol/g) (LSMeans) and standard deviation for week 4 to 6, 
Experiment 1 
Plant/ Cyt week 4 Std. deviation  week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 15.7775 2.047 17.6445 13.744 17.1293 0.4628 
Parviflorus 0-150 N 13.8065 1.9 13.3081 2.3446 12.5915 1.0656 
Ambiguus 0-0 N 43.505 8.5376 67.244 2.4946 59.643 15.5323 
Ambiguus 0-150 N 73.8225 6.2967 47.6785 8.4874 5.6625 0.9822 
 
Week 4 and 5 ANOVA, 0-0 mg/L and 0-150 mg/L  
Table 18c showed a significant interaction between plant, treatment and week (p value 0.0004). 
This showed that the cis-zeatin derivative cytokinins concentration of plants is affected by the 
treatment that they received over 3 weeks. P.parviflorus and P. ambiguus plants receiving 0-0 
mg/L N showed an increase in the cis-zeatin derivative cytokinins concentration from week 4 to 
6 (Table 18(iii)).  P.parviflorus and P. ambiguus plants receiving 0-150 mg/L N showed a 
decrease in the cis-zeatin derivative cytokinins concentration from week 4 to 6 (Figure 20).   
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Figure 20: Cis-zeatin derivative cytokinins concentration for week 4 to 6 of Experiment 1 (Plant 
species were Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 
mg/L) or without nitrogen (0 mg/L) 
 
Leaf area from leaves sampled for cytokinin analysis 
Table 19: Leaf area (cm
2
) of leaves taken for cytokinins analysis (LSMeans) and standard 
deviation for week 2 to 3, Experiment 1 
Plant/ Leaf area   week 2 Std. deviation week 3 Std. deviation 
Parviflorus 0 N 18.945 2.9769 10.875 0.9404 
Parviflorus 150 N 16.46 0.2969 26.925 6.1023 
Ambiguus  0 N 12 1.9657 14.155 1.0677 
Ambiguus  150 N 37.74 14.7643 25.67 1.8809 
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Week 2 and 3 ANOVA 
According to table 19a, there was a significant treatment main effect (p value 0.0025). This 
showed that leaf area of the plants was affected by the treatment they were receiving. 
P.parviflorus plants receiving 0 mg/L N showed lost their leaf area while those receiving 150 
mg/L N gained leaf area from week 2 to 3. P.ambiguus plants receiving 0 mg/L N maintained 
their leaf area while those receiving 150 mg/L N lost leaf area from week 2 to 3 (Table 19, 
Figure 21). 
Figure 21: Leaf area (cm
2
), cytokinins for week 2 and 3 of Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Table 20(i): Leaf area (cm
2
) of leaves taken for cytokinins analysis (LSMeans) and standard 
deviation for week 4 to 5, Experiment 1 
Plant/ Leaf area  week 4 Std. deviation week 5 Std. deviation 
Parviflorus 0-0 N 10.405 5.2805 10.48 8.6456 
Parviflorus 150-0 N 21.57 5.2805 27.96 8.6456 
Parviflorus 150-150 N 34.12 5.2805 37.57 8.6456 
Parviflorus 0-150 N 11.605 5.2805 9.275 8.6456 
Ambiguus 0-0 N 11.96 5.2805 9.585 8.6456 
Ambiguus 150-0 N 54.65 5.2805 47.45 8.6456 
Ambiguus 150-150 N 66.07 5.2805 64.675 8.6456 
Ambiguus 0-150 N 7.305 5.2805 5.76 8.6456 
 
Week 4 and 5 repeated measures 
In table 20a repeated measures analysis there was no significant week effect. According to the 
multivariate approach, there was a significant interaction between plant and treatment main 
effect (p value 0.0377). Thus the treatment a plant species was getting made a difference in the 
leaf area of the sampled leaves. P.parviflorus plants receiving 0-0 mg/L N maintained their leaf 
area while those receiving 150-0 mg/L N and 150-150 mg/L N showed an increase in their leaf 
area. P.parviflorus plants receiving 0-150 mg/L N maintained their leaf area from week 4 to 5 
(Table 20(i)). All P.ambiguus plants lost their leaf area from week 4 to 5 except those receiving 
0-150 mg/L N which maintained it (Figure 22).  
Table 20(ii): Leaf area (cm
2
) of leaves taken for cytokinins analysis (LSMeans) and standard 
deviation for week 4 to 6, Experiment 1 
Plant/ Leaf area  week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 150-0 N 21.57   7.2644 27.96  12.0629 25.455  5.1053 
Parviflorus 150-150 N 34.12   7.2644 37.57  12.0629 37.33  5.1053 
Ambiguus 150-0 N 54.65   7.2644 47.45  12.0629 26.305  5.1053 
Ambiguus 150-150 N 66.07   7.2644 64.675  12.0629 36.37  5.1053 
 
84 
 
Week 4, 5 and 6 repeated measures 150-0 mg/L N and 150-150 mg/L N 
Table 20b repeated measures showed that there was no significant week effect. The multivariate 
approach showed a significant plant effect which means that regardless of the treatment they 
were receiving both species had different leaf areas. P.parviflorus plants receiving 150-0 mg/L N 
gained leaf area from week 4 to 5 but lost their leaf area from week 5 to 6 while those receiving 
150-150 mg/L N showed an increase in leaf area from week 4 to 5 and then they just did not 
grow from week 5 to 6 (Table 20(ii)). P.ambiguus plants receiving either 150-0 mg/L N or 150-
150 mg/L N lost their leaf area from week 4 to 6 (Figure 22). 
Table 20(iii): Leaf area (cm
2
) of leaves taken for cytokinins analysis (LSMeans) and standard 
deviation for week 4 to 6, Experiment 1 
Plant/ Leaf area  week 4 Std. deviation week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 10.405 2.8354 10.48 5.0628 11.265 2.3829 
Parviflorus 0-150 N 11.605 3.3021 9.275 0.4313 17.155 8.8741 
Ambiguus 0-0 N 11.96 1.7253 9.585 2.4536 9.77 0.9758 
Ambiguus 0-150 N 7.305 1.4212 5.76 0.1113 21.01 0.8626 
 
Week 4, 5 and 6 ANOVA 0-0 mg/L N and 0-150 mg/L N 
Table 20c showed a significant week main effect (p value 0.0115) and significant treatment 
between treatment and week (p value 0.0124). This showed that the treatment a plant was 
receiving over 3 weeks lead to any changes in leaf area. P. parviflorus plants receiving 0-0 mg/L 
N maintained their leaf area from week 4 to 6 while those receiving 0-150mg/L N maintained 
their leaf area from week 4 to5 and then gained leaf area from week 5 to 6 (Table 20(iii)). 
P.ambiguus plants receiving 0-0 mg/L N lost leaf area from week 4 to 5 and then maintained it 
from week 5 to 6 while those receiving 0-150 mg/L N maintained their leaf area from week 4 to 
5 and then gained leaf area from week 5 to 6 (Figure 22). 
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Figure 22: Leaf area (cm
2
), cytokinins for week 4, 5 and 6 of Experiment 1 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
 
Experiment 3 Chlorophyll 
Table 21(i): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 1 to 4, 
Experiment 3 
Plant/ Chl week 1 Std. deviation week 2 Std. deviation 
Parviflorus      0 N 0.3586 0.0562 0.5059 0.0355 
Parviflorus 150 N 0.6512 0.0562 0.9105 0.0355 
Ambiguus        0 N 1.3797 0.0562 1.0830 0.0355 
Ambiguus   150 N 1.1330 0.0562 1.5243 0.0355 
 
Week 1 and 2 repeated measures: 
In table 21a repeated measures there was no significant week effect while the multivariate 
approach showed a significant interaction between plant and treatment (p value 0.0006). This 
showed that the treatment a plant received has an effect on its chlorophyll concentration. 
P.parviflorus plants receiving either 0 mg/L N or 150 mg/L N showed an increase in their 
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chlorophyll concentration from week 1 to 2 (Table 21(i)). P.ambiguus plants receiving 0 mg/L N 
declined in chlorophyll concentration while those receiving 150 mg/L N showed an increase in 
chlorophyll concentration from week 1 to 2 (Figure 23). 
Table 21(ii): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 3 to 4, 
Experiment 3 
Plant/ Chl week 3 Std. deviation week 4 Std. deviation 
Parviflorus      0 N 0.3045 0.0305 0.2365 0.0296 
Parviflorus 150 N 0.7253 0.0305 0.7564 0.0296 
Ambiguus        0 N 0.8852 0.0305 0.8370 0.0296 
Ambiguus   150 N 1.4749 0.0305 1.5131 0.0296 
 
Week 3 and 4 Repeated measures: 
During experiment 3 plants did not show the required color according to RHS color chart so the 
plants were given same treatment for another week or the switch of treatments was delayed by a 
week. Table 21b repeated measures did not show a significant week effect. According to the 
multivariate approach there was a significant interaction between plant and treatment (p value 
0.0448). This showed that the treatment a plant received has an effect on its chlorophyll content. 
P.parviflorus and P.ambiguus plants receiving 0 mg/L N  showed a decline in chlorophyll 
concentration while plants receiving 150 mg/L N of both species gained chlorophyll 
concentration from week 3 to 4 (Table 21(ii), Figure 23). 
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Table 21(iii): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 1 to 3, 
Experiment 3 
Plant/ Chl week 1 Std. deviation week 3 Std. deviation 
Parviflorus      0 N 0.3586 0.0096 0.3045 0.0775 
Parviflorus 150 N 0.6512 0.0606 0.7253 0.0323 
Ambiguus        0 N 1.3797 0.1467 0.8852 0.0195 
Ambiguus   150 N 1.1330 0.0028 1.4749 0.0040 
 
Week 1 and 3 ANOVA 
 
Table 21c showed a significant interaction between plant, treatment and week (p value 0.0006). 
Thus the treatment a plant received for 3 weeks had an effect on the chlorophyll concentration. 
P.parviflorus and P.ambiguus plants receiving 0 mg/L N  showed a decline in chlorophyll 
concentration while plants receiving 150 mg/L N of both species gained chlorophyll 
concentration from week 1 to 3 (Table 21(iii), Figure 23). 
Table 21(iv): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 2 to 3, 
Experiment 3 
Plant/ Chl week 2 Std. deviation week 3 Std. deviation 
Parviflorus      0 N 0.5059 0.0061 0.3045 0.0775 
Parviflorus 150 N 0.9105 0.0091 0.7253 0.0323 
Ambiguus        0 N 1.0830 0.0998 0.8852 0.0195 
Ambiguus   150 N 1.5243 0.0001 1.4749 0.0040 
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Week 2 and 3 ANOVA 
Table 21d showed a significant plant main effect (p value <0.0001), treatment main effect (p 
value <0.0001) and week main effect (p value 0.0001). All plants of both species lost their 
chlorophyll concentration from week 2 to 3 (Table 21(iv), Figure 23).  
Table 21(v): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 1 to 4, 
Experiment 3 
Plant/ Chl week 1 Std. deviation week 4 Std. deviation 
Parviflorus      0 N 0.3586 0.0096 0.2365 0.0509 
Parviflorus 150 N 0.6512 0.0606 0.7564 0.0105 
Ambiguus        0 N 1.3797 0.1467 0.8370 0.0526 
Ambiguus   150 N 1.1330 0.0028 1.5131 0.0392 
 
Week 1 and 4 ANOVA 
Table 21e showed a significant interaction between plant, week and treatment (p value 0.0006). 
Thus the treatment a plant received for 3 weeks had an effect on the chlorophyll concentration. 
P.parviflorus and P.ambiguus plants receiving 0 mg/L N  showed a decline in chlorophyll 
concentration while plants receiving 150 mg/L N of both species gained chlorophyll 
concentration from week 1 to 4 (Table 21(v), Figure 23). 
Table 21(vi): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 2 to 4, 
Experiment 3 
Plant/ Chl week 2 Std. deviation week 4 Std. deviation 
Parviflorus      0 N 0.5059 0.0061 0.2365 0.0509 
Parviflorus 150 N 0.9105 0.0091 0.7564 0.0105 
Ambiguus        0 N 1.0830 0.0998 0.8370 0.0526 
Ambiguus   150 N 1.5243 0.0001 1.5131 0.0392 
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Week 2 and 4 ANOVA 
Table 21f showed a significant interaction between treatment and week (p value 0.0053) which 
means that regardless of the species the treatment a plant received for 4 weeks had an effect on 
chlorophyll concentration. P.parviflorus and P.ambiguus plants receiving 0 mg/L N showed a 
decline in chlorophyll concentration (Table 21(vi)). P.parviflorus plants receiving 150 mg/L N 
showed a decrease in chlorophyll concentration from week 2 to 4 while P.ambiguus plants 
receiving 150 mg/L N maintained their chlorophyll concentration (Figure 23). 
Figure 23: Chlorophyll concentration for week 1 to 4 of Experiment 3 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Table 22(i): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 5 to 6, 
Experiment 3 
Plant/ Chl week 5 Std. deviation week 6 Std. deviation 
Parviflorus 0-0 N 0.1814 0.0072 0.1676 0.0168 
Parviflorus 150-0 N 0.8745 0.0072 0.7791 0.0168 
Parviflorus 150-150 N  1.0395 0.0072 1.0511 0.0168 
Parviflorus 0-150 N 0.4545 0.0072 0.5184 0.0168 
Ambiguus 0-0 N  0.87 0.0072 0.8159 0.0168 
Ambiguus 150-0 N  1.5481 0.0072 1.5144 0.0168 
Ambiguus 150-150 N 1.6527 0.0072 1.6723 0.0168 
Ambiguus 0-150 N 1.0465 0.0072 1.087 0.0168 
 
Week 5 and 6 Repeated measures 
Repeated measures analysis in table 22a did not show a significant week effect but the 
multivariate approach showed a significant interaction between plant and treatment (p value 
<0.0001). P.parviflorus and P.ambiguus plants receiving either 0-0 mg/L N or 150-0 mg/L N 
showed a decline in chlorophyll concentration. While plants of both the species receiving either 
150-150 mg/L N or 0-150 mg/L N showed an increase in their chlorophyll concentration from 
week 5 to 6 (Table 22(i), Figure 24).   
Table 22(ii): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 5 to 7, 
Experiment 3  
Plant/ Chl week 5 Std. deviation week 6 Std. deviation week 7 Std. deviation 
Parviflorus 150-0 N 0.8745   0.0084 0.7791  0.0220 0.7471  0.02179 
Parviflorus 150-150 N  1.0395   0.0084 1.0511  0.0220 1.1266  0.02179 
Ambiguus 150-0 N  1.5481   0.0084 1.5144  0.0220 1.4543  0.02179 
Ambiguus 150-150 N 1.6527   0.0084 1.6723  0.0220 1.7081  0.02179 
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Week 5, 6 and 7 Repeated measures 150-0 mg/L N and 150-150 mg/L N 
In table 22b repeated measures analysis did not show a significant week effect. According to the 
multivariate approach there was a significant interaction between plant and treatment (p value 
0.0111). P.parviflorus and P.ambiguus plants receiving 150-0 mg/L N showed a decline in 
chlorophyll concentration from week 5 to 7. While plants of both the species receiving 150-150 
mg/L N showed an increase in their chlorophyll concentration from week 5 to 7 (Table 22(ii), 
Figure 24).  
Table 22(iii): Chlorophyll analysis (mg/g) (LSMeans) and standard deviation for week 5 to 7, 
Experiment 3 
Plant/ Chl week 5 Std. deviation week 6 Std. deviation week 7 Std. deviation 
Parviflorus 0-0 N 0.1814 0.0075 0.1676 0.0007 0.149 0.0065 
Parviflorus 0-150 N 0.4545 0.0049 0.5184 0.0106 0.5827 0.0312 
Ambiguus 0-0 N  0.87 0.0014 0.8159 0.001 0.7462 0.0144 
Ambiguus 0-150 N 1.0465 0.0133 1.087 0.0237 1.1665 0.0166 
 
Week 5, 6 and 7 ANOVA 0-0 mg/L N and 0-150 mg/L N 
In table 22c there was a significant interaction between plant, week and treatment (p value 
0.0301). This showed that the treatment a plant received for 3 weeks had an effect on chlorophyll 
concentration. P.parviflorus and P.ambiguus plants receiving either 0-0 mg/L N or 150-0 mg/L 
N showed a decline in chlorophyll concentration from week 5 to 7 (Table 22(iii)). While plants 
of both the species receiving either 150-150 mg/L N or 0-150 mg/L N showed an increase in 
their chlorophyll concentration from week 5 to 7 (Figure 24).    
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Figure 24: Chlorophyll concentration for week 5 to 7 of Experiment 3 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
 
Experiment 3 Leaf area chlorophyll 
Table 23(i): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 1 to 4, Experiment 3 
Plant/ Leaf area  week 1 
Std. 
deviation week 2 
Std. 
deviation 
Parviflorus 0 N 12.035 1.4261 23.975 3.2534 
Parviflorus 150 N 16.7675 1.4261 23.21 3.2534 
Ambiguus  0 N 13.6 1.4261 24.1275 3.2534 
Ambiguus  150 N 8.875 1.4261 25.9 3.2534 
 
Week 1 and 2 repeated measures 
In the repeated measures analysis in table 23a there was a significant week effect (p value 
0.0016). Thus the period of time for which plants were under a treatment had an effect on the 
leaf area. In the analysis of variance there was no significant main effect. According to the 
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LSMeans, all plants showed an increase in their leaf area from week 1 to 2 regardless of the 
treatment they were receiving (Table 23(i), Figure 25). 
Table 23(ii): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 3 to 4, Experiment 3 
Plant/ Leaf area week 3 
Std. 
deviation week 4 
Std. 
deviation 
Parviflorus 0 N 12.525 4.3003 12.6775 2.7453 
Parviflorus 150 N 17.395 4.3003 26.1925 2.7453 
Ambiguus  0 N 7.66 4.3003 7.0475 2.7453 
Ambiguus  150 N 31.51 4.3003 27.485 2.7453 
  
Week 3 and 4 Repeated measures 
In table 23b, repeated measures, week effect was not significant. In the analysis of variance the 
treatment main effect was significant (p value 0.0085). LSMeans show that Plectranthus 
parviflorus and Plectranthus ambiguus plants receiving 0 mg/L N did not show any change in 
leaf area from week 3 to 4 (Table 23(ii)). Plectranthus parviflorus plants receiving 150 mg/L N 
showed an increase in the leaf area while Plectranthus ambiguus plants receiving 150 mg/L N 
almost maintained their leaf area (Figure 25). 
Table 23(iii): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 1 to 4, Experiment 3 
Plant/ Leaf area  week 1 
Std. 
deviation week 3 
Std. 
deviation 
Parviflorus 0 N 12.035 1.4 12.525 3.0794 
Parviflorus 150 N 16.7675 0.6187 17.395 5.0098 
Ambiguus  0 N 13.6 3.6133 7.66 0.6965 
Ambiguus  150 N 8.875 0.9333 31.51 10.6243 
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Week 1 and 3 ANOVA 
In table 23c ANOVA, there was a significant treatment main effect (p value 0.0132), significant 
interaction between treatment and week (p value 0.0132) and a significant interaction between 
plant, treatment and week (p value 0.0138). The LSMeans showed that Plectranthus parviflorus 
plants receiving 0 mg/L N maintained their leaf area from week 1 to 3 while plants receiving 150 
mg/L N gained leaf area (Table 23(iii)). Plectranthus ambiguus plants receiving 0 mg/L N lost 
leaf area while those receiving 150 mg/L N gained leaf area (Figure 25). 
Table 23(iv): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 1 to 4, Experiment 3 
Plant/ Leaf area week 2 
Std. 
deviation week 3 
Std. 
deviation 
Parviflorus 0 N 23.975 1.6193 12.525 3.0794 
Parviflorus 150 N 23.21 4.4194 17.395 5.0098 
Ambiguus  0 N 24.1275 0.6046 7.66 0.6965 
Ambiguus  150 N 25.9 7.8842 31.51 10.6243 
 
Week 2 and 3 ANOVA 
In table 23d ANOVA, there was a significant treatment main effect (p value 0.0248), week main 
effect (p value 0.0312) and significant interaction between treatment and week (p value 0.0331). 
LSMeans showed that all Plectranthus parviflrous plants regardless of the treatment lost leaf 
area. Plectranthus ambiguus plants receiving 0 mg/L N lost leaf area while those 150 mg/L N 
gained leaf area (Table 23(iv), Figure 25). 
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Table 23(v): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 1 to 4, Experiment 3 
Plant/ Leaf area  week 1 
Std. 
deviation week 4 
Std. 
deviation 
Parviflorus 0 N 12.035 1.4 12.6775 3.0795 
Parviflorus 150 N 16.7675 0.6187 26.1925 5.0099 
Ambiguus  0 N 13.6 3.6133 7.0475 0.6965 
Ambiguus  150 N 8.875 0.9333 27.485 10.6243 
 
Week 1 and 4 ANOVA 
In table 23e there was a significant treatment main effect (p value 0.0132), siginificant 
interaction between treatment and week (p value 0.0132) and a significant interaction between 
plant, treatment and week (p value 0.0138). The LSMeans showed that Plectranthus ambiguus 
plants receiving 0 mg/L N maintained their leaf area from week 1 and 4 while those receiving 
150 mg/L N gained leaf area (Table 23(v)). Plectranthus ambiguus plants receiving 0 mg/L N 
lost leaf area while those receiving 150 mg/L N gained leaf area (Figure 25). 
Table 23(vi): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 1 to 4, Experiment 3 
Plant/ Leaf area week 2 
Std. 
deviation week 3 
Std. 
deviation 
Parviflorus 0 N 23.975 1.6193 12.525 3.0794 
Parviflorus 150 N 23.21 4.4194 17.395 5.0098 
Ambiguus  0 N 24.1275 0.6046 7.66 0.6965 
Ambiguus  150 N 25.9 7.8842 31.51 10.6243 
 
 
 
96 
 
Week 2 and 4 ANOVA 
In table 23f there was a significant interaction between treatment and week (p value 0.0331). The 
LSMeans Plectranthus parviflrous plants receiving 0 mg/L N and 150 mg/L N lost their leaf 
area. Plectranthus ambiguus plants receiving 0 mg/L N lost their leaf area while those receiving 
150 mg/L N gained leaf area (Table 23(vi), Figure 25).  
Figure 25: Leaf area for chlorophyll for week 1 to 4 of Experiment 3 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Table 24 (i): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 5 to 6, Experiment 3 
Plant/ Leaf area week 5 Std. 
deviation 
week 6 Std. 
deviation 
Parviflorus 0-0 N 9.6 1.5605 8.895 3.2209 
Parviflorus 150-0 N 36.985 1.5605 27.84 3.2209 
Parviflorus 150-150 
N 
34.945 1.5605 41.655 3.2209 
Parviflorus 0-150 N 12.265 1.5605 10.095 3.2209 
Ambiguus 0-0 N 9.685 1.5605 8.765 3.2209 
Ambiguus 150-0 N 27.71 1.5605 17.81 3.2209 
Ambiguus 150-150 
N 
33.46 1.5605 41.915 3.2209 
Ambiguus 0-150 N 9.14 1.5605 9.345 3.2209 
 
Week 5 and 6 Repeated measures 
Table 24a repeated measures did not show a significant week effect. According to the analysis of 
variance there was a significant plant main effect (p value 0.0286) and treatment main effect (p 
value <0.0001). The LSMeans showed that Plectranthus parviflorus and Plectranthus ambiguus 
plants receiving 0 mg/L N and 150-0 mg/L N lost their leaf area from week 5 to 6 (Table 24(i)). 
Plectranthus parviflorus and Plectranthus ambiguus plants receiving 150-150 mg/L N gained 
leaf area while those receiving 0-150 mg/L N plants just did not show a change in leaf area 
(Figure 26). 
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Table 24 (ii): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 5 to 7, Experiment 3 
Plant/ Leaf area week 5 
Std. 
deviation week 6 
Std. 
deviation week 7 
Std. 
deviation 
Parviflorus 150-0 N 36.985   1.9635 27.84  4.3143 23.855  4.1604 
Parviflorus 150-150 
N 34.945   1.9635 41.655  4.3143 34.915  4.1604 
Ambiguus 150-0 N 27.71   1.9635 17.81  4.3143 14.68  4.1604 
Ambiguus 150-150 
N 33.46   1.9635 41.915  4.3143 47.38  4.1604 
 
Week 5, 6 and 7 repeated measures 150-0 mg/L N and 150-150 mg/L N 
In table 24b repeated measures there was no significant week effect. While analysis of variance 
showed a significant treatment main effect (p value 0.0057). The LSMeans of Plectranthus 
parviflorus and Plectranthus ambiguus plants receiving 150-0 mg/L N showed a decline in leaf 
area from wek 5 to 7 (Table 24(ii)). Plectranthus parviflorus plants receiving 150-150 mg/L N 
showed an increase from week 5 to 6 but then lost leaf area from week 6 to 7. Plectranthus 
ambiguus plants receiving 150-150 mg/L N gained leaf area from week 5 to 7 (Figure 26). 
Table 24 (iii): Leaf area (cm
2
) leaves for Chlorophyll analysis (mg/g) (LSMeans) and standard 
deviation for week 5 to 7, Experiment 3 
Plant/ Leaf area week 5 
Std. 
deviation week 6 
Std. 
deviation week 7 
Std. 
deviation 
Parviflorus 0-0 N 9.6 0.9758 8.895 1.1349 9.5875 2.4713 
Parviflorus 0-150 N 12.265 0.3465 10.095 0.6576 26.96 0.1344 
Ambiguus 0-0 N 9.685 0.3288 8.765 2.5633 5.7 0.6576 
Ambiguus 0-150 N 9.14 2.6339 9.345 2.9663 20.662 9.2737 
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Week 5, 6 and 7 ANOVA 0-0 mg/L N and 0-150 mg/L N 
In table 24c, there was a significant interaction between treatment and week (p value 0.0004). 
Plectranthus parviflorus plants receiving 0-0 mg/L N maintained their leaf area while 
Plectranthus ambiguus plants receiving 0-0 mg/L N lost leaf area from week 5 to 7. Plectranthus 
parviflorus and Plectranthus ambiguus plants receiving 0-150 mg/L N showed an increase in 
leaf area from week 5 to 7 (Table 24, Figure 26). 
Figure 26: Chlorophyll concentration for week 5 to 7 of Experiment 3 (Plant species were 
Plectranthus parviflorus and Plectranthus ambiguus grown with nitrogen (150 mg/L) or without 
nitrogen (0 mg/L) 
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Dry weight 
Experiment 1 
Table 25: Dry weight (g) (LSMeans) and standard deviation for Experiment 1, 2 and3 
Plant/ Dry weight  Dry wt. Exp 1 Std. deviation Dry wt. Exp 2 Std. 
deviation 
Dry wt. 
Exp 3 
Std. 
deviation 
Parviflorus 0-0 N 3.2680 1.0434 3.0520 0.6458 2.2662 1.3313 
Parviflorus 150-0 N 19.3989 1.0434 8.2362 0.6458 21.1163 1.3313 
Parviflorus 150-150 N 25.4560 1.0434 14.9037 0.6458 21.8334 1.3313 
Parviflorus 0-150 N 4.3005 1.0434 4.4265 0.6458 7.0050 1.3313 
Ambiguus 0-0 N 5.3200 1.0434 2.5657 0.6458 1.0095 1.3313 
Ambiguus 150-0 N 20.1139 1.0434 7.0912 0.6458 9.8713 1.3313 
Ambiguus 150-150 N 26.6760 1.0434 10.7438 0.6458 26.3188 1.3313 
Ambiguus 0-150 N 2.7767 1.0434 1.8590 0.6458 2.6525 1.3313 
 
The treatment main effect is significant (p value<0.0001) which means the treatments that the 
plants were receiving during the experiment affected the dry weights of the plants at the end of 
the experiment (Table 25a). The LSMeans of the dry weight showed that plants receiving 0-0 
mg/L N and 0-150 mg/L N had weighed less compared to plants that received 150-0 mg/L or 
150-150 mg/L. These results suggest that amount of nitrogen given to the plant has caused a 
significant increase in the growth of the plant (Table 25, Figure 27). 
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Figure 27: Dry weight of plants harvested at the end of the experiment 1  
 
  
Experiment 2 
The analysis in Table 25b, showed a significant plant main effect (p value 0.0089) and treatment 
main effect (p value <0.0001). So the plant species as well as the treatment determined the 
growth of the plant and affected the dry weights at the end of the experiment. The LSMeans of 
the dry weights, were similar to Experiment 1, in that plants receiving 0-0 mg/L N and 0-150 
mg/L N had weighed less as compared to plants that received 150-0 mg/L or 150-150 mg/L 
(Table 25). These results suggest that amount of nitrogen given to the plant has a very significant 
effect on the growth of the plant (Figure 28). 
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Figure 28: Dry weight of plants harvested at the end of the Experiment 2 
 
 
Experiment 3 
Table 25c showed a significant plant main effect (p value 0.0293) and treatment main effect (p 
value <0.0001). So the plant species as well as the treatment determined the growth of the plant 
and affected the dry weights at the end of the experiment. The LSMeans of the dry weight, were 
similar to experiment 1 and 2, showed that plants receiving 0-0 mg/L N and 0-150 mg/L N had a 
very less dry weight as compared to plants that received 150-0 mg/L or 150-150 mg/L (Table 
25). These results suggest that amount of nitrogen given to the plant has a very significant effect 
on the growth of the plant (Figure 29). 
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Figure 29: Dry weight of plants harvested at the end of the Experiment 3  
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                                                      Discussion 
Chlorophyll 
In the two experiments conducted in fall 2009 we observed very similar trends for chlorophyll 
concentration in the sampled leaves. In experiment 1, in Plectranthus parviflorus and 
Plectranthus ambiguus plants receiving 0 mg/L N chlorophyll concentration decreased from 
week 1 to week 3 while those plants receiving 150 mg/L N increased in chlorophyll 
concentration from week 1 to week 3. The same general trend was found to true for experiment 
2. The initial as well as the final chlorophyll concentration, at week 3, of Plectranthus 
parviflorus and Plectranthus ambiguus plants were very similar for experiment 1 and 2. 
In experiment 3, the general trend for chlorophyll concentration was similar to experiment 1 and 
2 but there was difference in the initial and the final chlorophyll concentrations of both the 
species. Plectranthus parviflorus plants showed lower chlorophyll concentration initially as well 
as after being in hydroponics then that in experiment 1 and 2. Some Plectranthus ambiguus 
plants showed higher chlorophyll concentration at the beginning as well as after three weeks as 
compared to experiment 1 and 2 while some plants showed similar chlorophyll concentrations. 
Also for experiment 3, it took 4 weeks and 3 for the necessary color change on the RHS (Royal 
horticulture society) color chart. This could be because these plants took longer time for rooting 
so they were in vermiculite for more duration, without any supplemental nutrients. Hence they 
had to be in nutrient solution for more time to show similar results as experiment 1 and 2. These 
results are in agreement with Lamb et al., 2002 who stated that high chlorophyll concentration in 
leaves corresponded with high nitrogen concentration in ryegrass (Lolium spp.) 
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Chlorophyll is the green pigment necessary for photosynthesis as it allows plants to obtain light 
energy and use it to manufacture carbohydrates (Eggink et al., 2001). Nitrogen is required for the 
biosynthesis of chlorophyll to occur as glutamate produced from nitrogen is used in the C5 
pathway in chloroplasts to produce 5- aminolevulinate acid (ALA) which is the first known 
precursor of chlorophyll that has been identified (Castelfranco and Beale, 1983). Thus depletion 
in chlorophyll concentration when plants were not supplied with any nitrogen and increase in 
chlorophyll concentration when plants were given adequate nitrogen is expected.   
After 3 weeks in hydroponics, for week 4 to 6, experiment 1, Plectranthus parviflorus plants 
receiving 0-0 mg/L N showed no change in their chlorophyll concentration, 150-0 mg/L N plants 
showed a decline from week 5 to 6 whereas 150-150 mg/L N and 0-150 mg/L N plants showed 
an increase from week 4 to 6 in their chlorophyll concentrations. Plectranthus ambiguus plants 
receiving 0-0 mg/L N or 150-0 mg/L showed a decline from week 4 to 5 where as those 
receiving 150-150 mg/L N or 0-150 mg/L N showed an increase from week 4 to 5 in their 
chlorophyll concentrations.  
These results are in agreement with Daughtry et al., 2000 where it was stated that in corn the leaf 
chlorophyll concentration increased with an increase in the application of nitrogen fertilizer, till a 
point after which it plateaued. As chlorophyll molecules contain majority of the leaf nitrogen, 
there is a close relation between leaf nitrogen content and leaf chlorophyll content (Yoder and 
Pettigrew-Crosby, 1995). Le Roux et al., 2001 stated similar results for peach leaves as their leaf 
chlorophyll concentration increased with increase in the nitrogen supplied to them/      
Although the overall trend followed by the two species was similar there was a quantitative 
difference in their chlorophyll concentration. Plectranthus ambiguus seems to have more 
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chlorophyll in general as is evident because all P.ambiguus plants have higher chlorophyll 
concentration then their respective P.parviflorus plants receiving the same nitrogen treatment.  
Leaf area  
The trend followed for chlorophyll concentration was also reflected in the leaf area of the leaf 
samples. The leaves of both species showed an increase in the area when supplied with 150 mg/L 
N while they showed a decline in the area when they were grown under nitrogen deficiency. The 
reason behind this is that when supplied with nitrogen plants produced ample amounts of 
chlorophyll which are key for photosynthesis, thus leading to more growth. However, in this 
research when plants were grown under nitrogen deficiency they tried to conserve their resources 
to live.  
In general, leaves deficient in nitrogen turn completely yellow and fall off the plant if severe 
nitrogen deficiency persists for a long duration of time (Taiz and Zeiger, 2006). In all our 
experiments we observed that P.ambiguus lost its leaves when grown under nitrogen deficiency 
for 2-3 weeks while P.parviflorus never lost its leaves even when it was under nitrogen stress for 
6 weeks.  
Leaves that fell off from P.ambiguus after 2-3 weeks in nitrogen deficiency were both the young 
(top) leaves and older leaves. Some of these plants lost almost all their leaves and had only few 
leaves on the top that was the new growth. When these plants were re-supplied with nitrogen 
they grew new leaves from their axils.  
Leaf senescence occurs naturally or in response to internal and environmental factors. The main 
difference between natural and induced senescence is that induced senescence is usually 
reversible if the factors that induced it are removed before senescence has progressed beyond a 
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certain point (Stoddart and Thomas, 1982). Thus in agreement with this when Plectranthus 
ambiguus plants were grown under nitrogen stress they lost their leaves but when nitrogen was 
resupplied to them new leaves emerged and plants showed growth. 
Senescence can be delayed by exogenous application of cytokinins or by overproduction of 
cytokinins in transgenic plants as demonstrated by using Agrobacterium to investigate cytokinin 
biosynthesis gene, IPT (isopentenyl transferase) (van Staden etal., 1988; Estruch et al., 1991; 
Smart et al., 1991; Li et al., 1992). 
It was also observed that Plectranthus parviflorus plants when grown under 0 mg/L N had 
thicker leaves than the leaves of the plants that were receiving 150 mg/L N. This could be 
because plants growing under nitrogen stress were conserving their resources and using the 
leaves as reserves. 
Cytokinins  
Biological precursors 
The concentration of biological precursors in Plectranthus parviflorus and Plectranthus 
ambiguus plants growing under nitrogen stress remained very low throughout the experiment. 
However after the switch of treatments, the concentration in plants receiving 150-0 mg/L N 
decreased very rapidly. In all plants that were receiving 150mg/L N before or after the switch the 
concentration of biological precursors increased. Plectranthus parviflorus plants receiving 150-0 
mg/L N showed the decline in biological precursor concentration gradually from week 4 to 6 
while Plectranthus ambiguus plants receiving 150-0 mg/L N showed a decline in their biological 
precursor concentration very rapidly from week 4 to 5 and then just maintained its level. We 
expected that biological precursors in Plectranthus ambiguus would decline rapidly while those 
108 
 
in Plectranthus parviflorus would decline gradually when these plants are subjected to 0 mg/L N 
and hence these results are in agreement with this. 
Thus when under nitrogen stress Plectranthus ambiguus lost its leaves it had very low 
concentration of biological precursor cytokinins and this concentration had declined very rapidly 
while Plectranthus parviflorus plants under nitrogen stress that did not lose any leaves showed 
the decline in their biological precursor concentration very gradually. All plants receiving 150 
mg/L N showed an increase in their biological precursor concentration as if they are storing up 
the precursors for the formation of other cytokinin forms. The leaves that we tested for cytokinin 
concentration were those that were still on the plants and not the ones that were dropped. 
Physiologically active forms 
For physiologically active forms the plants growing under nitrogen deficiency mostly did not 
show any change in the physiologically active form concentration while those growing in 150 
mg/L N showed an increase for 2 weeks and then maintained their concentration. As the 
Plectranthus ambiguus plants receiving 0-0 mg/L N or 150-0 mg/L N were shedding off leaves 
there was a decrease in the physiologically active cytokinin concentration as well as biological 
precursors. Thus at this time these plants were not only low in physiologically active forms but 
also low in biological precursors thus precursors could not be transformed to active forms to 
reverse senescence. Hence Plectranthus ambiguus dropped their leaves.  
Storage forms: 
The storage forms are the cytokinins which are present in a plant as reserves. They may or may 
not be available to the plants. Production of storage forms and deactivation forms are how plants 
deal with extra cytokinin concentration. During the week 1 to 3 there was an increase in storage 
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cytokinins in all the plants of both the species regardless of the treatment they were receiving. 
Quantitatively, Plectranthus ambiguus had more storage forms then Plectranthus parviflorus 
throughout the experiment.  
During week 4 to 6, after the switch of treatments, the plants receiving 0-0 mg/L and 150-0 mg/L 
N showed a decline in storage forms. Thus plants that were growing under nitrogen deficiency 
probably had to mobilize cytokinins from the storage reserve for the use by the plant. 
Plants receiving 150-150 mg/L N and 0-150 mg/ L N showed an increase in their storage forms. 
This could be because the plants were receiving sufficient amount of nutrients hence they filled 
up their storage reserves rather than deactivating cytokinins.  
Deactivation products: 
In Plectranthus paviflorus and Plectranthus ambiguus plants receiving 0 mg/L N the 
deactivation products almost maintained their concentrations. While in Plectranthus parviflorus 
plants receiving 150 mg/L N they showed a decline from week 1 to 3. In Plectranthus ambiguus 
plants receiving 150mg/L N the deactivation products showed an increase from week 1 to 2 and 
then showed a sharp decline.  
Plants deactivate cytokinins to deal with extra concentrations of cytokinins.  
Recent studies have shown that availability of nitrogen from roots to leaves is mediated through 
cytokinins (Simpson et al., 1982; Samuelson and Larsson, 1993; Sakakibara et al., 1998; Takei et 
al., 2001b). Cytokinins are translocated from root to shoot alongside nitrate ions. It was found 
that cytokinin concentration buildup and translocation occurs after there had been a change in the 
nitrogen availability. On supplying nitrogen to nitrogen depleted maize plants, formation of 
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isopentenyladenosine- 59-monophosphate (iPMP) starts in an hour. As iPMP is the first 
molecule in cytokinin synthesis it shows that cytokinins are produced as a reaction to nitrogen 
re-supply (Takei et al., 2002). This production of iPMP is followed by the production of trans-
zeatin riboside-59 monophosphate (ZMP), trans-zeatin riboside (ZR) and trans-zeatin (Z) (Takei 
et al., 2001b). Also in maize roots the concentration of Z-O-glucoside (ZOG), a storage form 
cytokinin decreased after the resupply of nitrogen. This implies that not only are the cytokinins 
biosynthesized, they are also transformed from storage to active forms (Takei et al., 2002).  
After the application of nitrogen, in these plants, the concentration of cytokinins in xylem sap 
increased and maximum increase was found in ZR (Takei et al., 2001b). Accumulation of Z was 
observed in leaves just 4 hours after the supply of nitrogen. This accumulation of cytokinins 
implies that there is a nitrogen-dependent translocation of cytokinins from roots to shoots (Takei 
et al., 2002). 
This same effect was also seen in Arabidopsis thaliana, in which there was accumulation of 
ZMP and ZR in the roots just 3 hours after nitrogen is given to plants (Takei et al., 2002).  
In barley roots, this accumulation was inhibited by methionine sulphoximine treatment. This 
methionine sulphoximine is an inhibitor of glutamine synthetase (Samuelson and Larsson, 1993). 
This implies that formation of glutamine from nitrogen assimilation is required for this 
accumulation of cytokinins. This further suggests that the response of cytokinins, a plant 
hormone, is nitrogen dependent (Takei et al., 2002).  
Decrease in cytokinin production by the plant roots has been reported as an important 
phenomenon for monocarpic leaf senescence (Nooden 1985; Staden et al., 1988). A decrease in 
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Z, DZ, ZR and DZR concentration has been noted to be involved in leaf yellowing (Nooden et 
al., 1990). 
 Dry weights 
Huge amounts of assimilated nitrogen are supplied to leaves throughout the life cycle of plants. 
This N supports protein synthesis and the photosynthesis mechanism and thus produces dry 
matter for the plant (Peoples and Dalling, 1988). 
The dry weights reflected the growth of plants and showed the trend the growth pattern followed 
depending upon the nitrogen supplied to the plants. The plants that were growing continuously 
under nitrogen stress had the least dry weight while those growing continuously under nitrogen 
supply had the maximum dry weight. The plants that were growing under 150-0 mg/L N lost 
considerable dry weight in comparison with the 150-150 mg/L N plants. The plants receiving 0-
150 mg/L N had a higher dry weight then those receiving 0-0 mg/L N.  
Also it was observed that plants in experiment 1 and 3 had similar dry weights in general while 
the plants in experiment 2 had lower dry weights. This could be the effect of weather and light 
conditions as experiment 1 was conducted at the beginning of fall and experiment 3 was 
conducted at the end of spring so they were subjected to similar light levels. The experiment 2 
was conducted at the beginning of the winter season and was thus subjected to more variable 
light conditions.   
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                                                           Conclusions 
- Leaf chlorophyll concentration in both species showed a similar trend when N was added 
or removed. Chlorophyll concentration decreased on removal of nitrogen whereas it 
increased on addition of nitrogen. 
- Overall leaves of Plectranthus ambiguus had higher chlorophyll concentration than 
leaves of Plectranthus parviflorus.  
- Biological precursor cytokinins: N seems to be necessary for the co-transport of 
precursors from roots to leaves; hence they were not transported when there was no 
nitrogen while they were transported to leaves when nitrogen was present. 
- Physiologically active cytokinins: under N stress P. parviflorus maintained these while 
the concentration decreased in P.ambiguus. With the addition of nitrogen the 
concentration increased in both. 
- Storage forms: P. parviflorus seemed to be drawing from storage forms as their quantity 
decreased from week 1 to 6 in plants receiving 0 N while P.ambiguus did not, as their 
quantity remained almost the same from week 1 to 6 in plants receiving 0 N. 
- Deactivation forms: under N stress P.parviflorus leaves showed an increase in these 
forms as they seem to be metabolizing them for constituents like N while P.ambiguus 
maintained their quantity. 
- The quantitative value of various cytokinins as well as the the trend they showed on 
addition or depletion of N was not very different in the two species. Hence it seems that 
the leaf concentration of various cytokinins alone may not be responsible for P.ambiguus 
shedding its leaves and P.parviflorus not shedding them under N stress. 
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- It is important to note that the presence of same amount of cytokinins in the leaves of 
both species may not necessarily mean that cytokinins are acting in the same manner in 
both plants. There could be something else going on in P.parviflorus that hinders the 
cytokinins that are present, possibly by obstructing their signal transduction and 
preventing leaf abscission.  
- Leaf area of P.parviflorus and P. ambiguus: decresed under N stress and increased on 
addition of N for a week and then decreased as plant showed growth and more branching 
rather than increase in leaf area. 
- The dry weight data demonstrated that when nitrogen was supplied to both species, the 
plants weighed more. When nitrogen was taken away there was no increase in dry 
weight. It was very interesting to observe that a plant receiving 0 and then 150 mg/L N 
never grew enough (dry weight) to reach the weight of a plant receiving 150 mg/L N for 
6 weeks. In the same manner a plant receiving 150 and then 0 mg/L N never lost dry 
weight and weighed more than a plant receiving no N for 6 weeks. 
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                              Tissue Culture of Plectranthus spp. 
Literature review 
Certain plants can have reproductive and propagation problems e.g. poor seed viability, low 
germination, scanty and delayed rooting of stem cuttings (Fracaro and Echeverrigaray, 2001). In 
vitro micro-propagation can generally be of help in multiplication of such plant species (Arora 
and Bhojwani, 1989; Kartha, 1985; Nehra and Kartha, 1994; Sen and Sharma, 1991; Sudha and 
Seeni, 1994). Many in vitro studies have been done on plants of family Lamiaceae or mint family 
(Khosla, 1995; Sahoo et al., 1997; Sen and Sharma, 1991; Sunnichan and Shivanna, 1998) but 
not a lot has been published about in vitro micro-propagation of Plectranthus species. 
Most of the work on Lamiaceae family has been done on plants such as basil (Ocimum sanctum), 
Cunila galioides, rosemary (Rosmarinus officinalis) and spearmint.  
For basil, growth regulators like indole-3-acetic acid (auxin), thidiazuron (TDZ) (cytokinin) were 
the hormones added to Murashige and Skoog basal medium. In this research 2, 4-D was used at 
the rate of 0.1, 0.5, 1.0 or 2.0 mg/L. Callus grown on MS + 2, 4-D (0.5 mg/l) was then 
supplemented with BA (6-benzyl aminopurine) at concentrations from 0.5 to 5.0 mg/L or TDZ 
between 0.05 to 5.0 mg/L. This study showed that 2, 4-D and TDZ were ineffective for in vitro 
production of shoots from inflorescence explants, but a medium composed of MS + BA (1.0 
mg/L) + IAA (0.05mg/L) produced high numbers of multiple shoots. Unfortunately there was no 
callus formation (Singh and Sehgal, 1999).  
In vitro micro-propagation of Cunila galioides was done on MS medium supplemented with 2.2 
mM of BA, kinetin or 2-iP. BA gave the maximum number of shoots per explants as compared 
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to all other cytokinins. These results were consistent with the fact that cytokinins promote the 
release of lateral buds from dormancy, and thus shoot formation (George, 1993). The number of 
shoots produced per explant increased when BA concentration was increased from 0 to 8.8 mM, 
but at BA concentration of 17.6 mM the explant produced malformed shoots (Fracaro and 
Echeverrigaray, 2001). The maximum number of shoots per explant was obtained at 8.8 mM of 
BA. This concentration of BA is also recommended for other species of the Lamiaceae family 
(Furmanowa and Olszowska, 1992; Cellarova, 1992; Andrade et al., 1999). When 2.5 mM of 
NAA, IAA or IBA were added to MS medium with 4.4 mM BA, it reduced the number of shoots 
obtained (Fracaro and Echeverrigaray, 2001). 
The adventitious bud explants of rosemary were cultured in MS media containing 1mg/L of BA. 
After 60 days shoots were successfully excised from these plates and transferred to other media 
for further propagation. Each explant produces around 3 to 10 shoots in this MS + BA (1mg/L) 
media (Yang et al., 1997).  
Spearmint explants induced to produce shoots got maximum success on MS media containing 
BA (6-Benzyl aminopurine) at the concentration of 1mg/L (Al-Amier et al., 1999).  
Purpose  
We tried to grow Plectranthus parviflorus and Plectranthus ambiguus through tissue culture to 
ensure that all plants are genetic clones with no variations. Also growing these plants through 
tissue culture would reduce the requirement of greenhouse place that is used to maintain these 
plant lines all year around.  
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Materials and methods 
Plant material and sterilization 
Whole leaves were excised from single plant each for each of the two species Plectranthus 
parviflorus and Plectranthus ambiguus. The excised leaves were thoroughly washed in Alcanox 
(active ingredient: 1% sodium carbonate, VWR International, West Chester, PA, VWR catalog 
no. 21835-032) with tween 20 (surfactant) added to it for 5-10 minutes. Then, these washed 
whole leaves were rinsed three times to ensure that all the alcanox was removed. To disinfect, 
the whole leaves were put in a jar containing 10 % Clorox solution (91 ml water and 8.5 ml 
Clorox) containing a few drops of tween 20, for 15 minutes. The jar was gently shaken to keep 
the solution moving in the container. The leaf pieces were gently poked down using forceps to 
keep them submerged in the solution. After 15 minutes the whole leaves were put in a jar 
containing deionized-distilled water for at least 5 minutes. 
Preparation of medium 
Earlier experiments carried out in our laboratory using Plectranthus parviflorus had resulted in 
maximum production of callus of leaf pieces placed on MS medium + BA (4 mg/L) and grown 
in dark. The medium was Murashige and Skoog basal medium with vitamins 4.43 g/L 
(Phytotechnology Laboratories, KS Prod no. MS19, Lot no. 03J51912AS), sucrose 30 g/L, BA 
(6- Benzylaminopurine Sigma Chemical Company, St. Louis, MO B-3408 Lot no. 27H39191), 
Agar 6.5 g/L (Agar Phytotechnology Labs, KS Product no. A111 Lot no. 04M11127B) with 
water to make up the volume to 900 ml. The pH of the medium was adjusted to 5.7 using 1 N 
NaOH before autoclaving. Liquid autoclaving was done for 20 min at C using slow 
exhaust.  A total of 60 plates were then prepared, pouring about 15 ml of medium per plate. Four 
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6- Benzylaminopurine (BA) concentrations were used: 20 plates each at 4 mg/L, 10 mg/L and 16 
mg/L. Of these 20 plates at each BA concentration, 10 were placed with leaf pieces of 
Plectranthus parviflorus and 10 with Plectranthus ambiguus. 
Preparing the plates 
The laminar flow, petri-dishes and baby food jars containing water and dis-infected leaves were 
all sprayed with 70% ethanol to ensure that there was no contamination. Forceps and knives used 
were sterilized using a steri-loop bacteriology incinerator. Each disinfected leaf was cut into four 
equal parts, by cutting the mid rib in the middle. Autoclaved petri-dishes were used as the cutting 
surface.  Each of these four parts was placed on media, two adaxial up and two adaxial down. 
Each leaf part was cut so that it had some of the leaf margin with it. Each leaf was cut into four 
equal pieces. Four leaf pieces were put in twenty plates on the first day and the plates were 
sealed with parafilm. Each plate was labeled with the name of the plant, BA concentration and 
the date. After one week it was observed that the leaves that were adaxial side up were totally 
brown in color and almost dead. So all the plates that were prepared after this observation were 
prepared with all the leaves abaxial side up. The plates were kept in dark cupboard at room 
temperature.  
Observations and results 
There was no contamination in any of the 60 plates. The leaves that were adaxial side up of both 
the species turned brown and died in almost a week of being in culture.  
Plectranthus parviflorus:    
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All leaves in plates containing 10mg/L BA and 16 mg/L BA started turning brown just after one 
week of being in culture. By one month all of these leaves were almost dead. One plate 
containing 16mg/L BA had a leaf piece that remained green after a month and also showed some 
callus. But this leaf piece died a few days later. Seven plates containing 4mg/L BA showed some 
callus near margins and mid-vein after about a month. Callus was observed to grow 
continuously. After three months the seven plates of 4mg/L BA had a lot of callus near margins 
and on mid-vein. These plates were opened to cut out any brown parts on the pieces and then re-
sealed with parafilm. Twenty days after re-sealing, all the plates looked good and the callus 
showed some growth. However after twenty days no more growth was observed in these plates  
Plectranthus ambiguus: 
All leaves in plates containing 10 mg/L BA and 16 mg/L BA turned brown in almost 10-20 days. 
After a month, some callus was observed in six plates with 4 mg/L BA while the plates with 10 
mg/L and 16 mg/L BA were either brown or the ones that were green had no callus.  All callus 
showed some growth after 40 days. After three months, three plates with 4 mg/L BA and one 
plate containing 16 mg/L BA showed some root growth. A plate with 10 mg/L BA showed a 
little plantlet. But both these plates (10 mg/L BA and 16 mg/L BA) turned brown in less than a 
week. Two leaf pieces showing roots in 4 mg/L BA were transplanted to new plates containing 
auxin (0.1 NAA). The other plates were opened up to remove any brown parts and then re-sealed 
with parafilm.  
Leaf pieces in all plates turned brown within 20 days of re-sealing after cutting out the brown 
parts.   
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Both Plectranthus parviflorus and Plectranthus ambiguus explants showed maximum callus 
production on MS + BA (4 mg/L). It took approximately one month for the callus to start 
appearing in both species. The amount of callus was too small in Plectranthus parviflorus to be 
excised and transplanted on to other medium, even after being on medium for four months. The 
callus of the explant of Plectranthus ambiguus died after transplanting to MS + NAA (0.1%).    
Further experiments 
According to this experiment the best medium was MS + BA (4 mg/l) for both the species. 
Probably if the callus was given more time than four months in above experiment, there might be 
some growth. If any growth is observed, the calli can be excised and transplanted to either 
medium on shaker to grow it further or to medium containing auxin to see if there is any root 
growth. 
Also may be if less number of leaf pieces are placed in each plate then the medium would not get 
exhausted for a longer duration of time. Thus, the leaf pieces would not have to be disturbed for 
transplanting onto new plates.  
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Appendix: 
Table 1a: Data analysis of chlorophyll concentration for week 1 and 2, Exp 1 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0- 0 mg/L N 1- 150 mg/L N) 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.51534452      0.51534452       9.21    0.0386 
       Treatment                    1      0.27454980      0.27454980       4.91    0.0911 
       Plant*Treatment              1      0.00753858      0.00753858       0.13    0.7321 
       Error                        4      0.22372019      0.05593005 
 
                                        
                                        The GLM Procedure 
                                       Least Squares Means 
 
                                                 TotalChl1       TotalChl2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.64615000      0.50910000 
                        1        1              0.84705000      0.91900000 
                        2        0              1.04325000      0.91670000 
                        2        1              1.19990000      1.19720000 
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Table 1b: Data analysis of chlorophyll concentration from week 1 and week 3, Exp 1 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0- 0 mg/L N 1- 150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.66357316      0.66357316      47.14    0.0001 
       Treatment                    1      0.68459076      0.68459076      48.63    0.0001 
       Week                         1      0.07017201      0.07017201       4.98    0.0561    
       Plant*Treatment              1      0.02379306      0.02379306       1.69    0.2298 
       Treatment*Week               1      0.22075902      0.22075902      15.68    0.0042 
       Plant*Week                   1      0.00417962      0.00417962       0.30    0.6007 
       Plant*Treatment*Week         1      0.03940225      0.03940225       2.80    0.1329 
 
                                        
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       0.64615000       0.11023795 
           1            0             3            2       0.34570000       0.21580899 
           1            1             1            2       0.84705000       0.02170818 
           1            1             3            2       0.81795000       0.12720851 
           2            0             1            2       1.04325000       0.01647559 
           2            0             3            2       0.60895000       0.07177134 
           2            1             1            2       1.19990000       0.09871211 
           2            1             3            2       1.43395000       0.14856313 
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Table 1c: Data analysis of chlorophyll concentration from week 2 and week 3, Exp 1 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0- 0 mg/L N 1- 150 mg/L N) 
        
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.61234538      0.61234538       7.55    0.0252 
       Treatment                    1      0.98768813      0.98768813      12.17    0.0082 
       Week                         1      0.02813168      0.02813168       0.35    0.5722 
       Plant*Treatment              1      0.01247131      0.01247131       0.15    0.7052 
       Treatment*Week               1      0.09206673      0.09206673       1.13    0.3178 
       Plant*Week                   1      0.00935573      0.00935573       0.12    0.7429 
       Plant*Treatment*Week         1      0.05811716      0.05811716       0.72    0.4219 
 
 
                                    The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       0.50910000       0.04426488 
           1            0             3            2       0.34570000       0.21580899 
           1            1             2            2       0.91900000       0.06986215 
           1            1             3            2       0.81795000       0.12720851 
           2            0             2            2       0.91670000       0.01004092 
           2            0             3            2       0.60895000       0.07177134 
           2            1             2            2       1.19720000       0.74302781 
           2            1             3            2       1.43395000       0.14856313 
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Table 2a: Data analysis of chlorophyll concentration for week 4 and week 5, Exp 1 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L 
N and 3: 0-150 mg/ L N) 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      2.35065403      2.35065403     218.83    <.0001 
       Treatment                    3      6.85019421      2.28339807     212.57    <.0001 
       Plant*Treatment              3      0.54840643      0.18280214      17.02    0.0008 
       Error                        8      0.08593662      0.01074208 
 
 
                                       The GLM Procedure 
                                       Least Squares Means 
 
                                                 TotalChl1       TotalChl2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.20360000      0.20095000 
                        1        1              0.72525000      0.82075000 
                        1        2              0.84875000      1.24960000 
                        1        3              0.28180000      0.29520000 
                        2        0              0.60940000      0.36265000 
                        2        1              1.46295000      0.95290000 
                        2        2              2.04500000      2.01130000 
                        2        3              0.71110000      0.80710000 
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Table 2b: Data analysis of chlorophyll content for week 4, week 5 and week 6, Exp 1 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 1: 150-0 mg/L N and 2: 150-150 mg/L N) 
        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.69939419       0.64         2         3    0.5849 
         Pillai's Trace              0.30060581       0.64         2         3    0.5849    
         Hotelling-Lawley Trace      0.42980885       0.64         2         3    0.5849 
         Roy's Greatest Root         0.42980885       0.64         2         3    0.5849 
 
                                      The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      3.28116150      3.28116150     258.07    <.0001 
       Treatment                    1      3.10377953      3.10377953     244.11    <.0001 
       Plant*Treatment              1      0.37001667      0.37001667      29.10    0.0057 
       Error                        4      0.05085775      0.01271444 
                                        
 
 
                                       The GLM Procedure 
                                       Least Squares Means 
                                         TotalChl1       TotalChl2       TotalChl3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              0.72525000      0.82075000      0.36585000 
                1        2              0.84875000      1.24960000      1.22620000 
                2        1              1.46295000      0.95290000      0.96950000 
                2        2              2.04500000      2.01130000      2.23175000 
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Table 2c: Data analysis of chlorophyll concentration for week 4, week 5 and week 6, Exp 1 
(Plant 1- P.parviflorus and 2- P. ambiguus, Treatment 0: 0-0 mg/L N and 3: 0-150 mg/ L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.72419004      0.72419004     209.82    <.0001 
       Treatment                    1      0.27537553      0.27537553      79.78    <.0001 
       Week                         2      0.00606033      0.00303017       0.88    0.4407 
       Plant*Treatment              1      0.06792576      0.06792576      19.68    0.0008 
       Treatment*Week               2      0.04653644      0.02326822       6.74    0.0109 
       Plant*Week                   2      0.01714726      0.00857363       2.48    0.1251 
       Plant*Treatment*Week         2      0.02870343      0.01435172       4.16    0.0425 
 
                                        The GLM Procedure 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
           1            0             4            2       0.20360000       0.03238549 
           1            0             5            2       0.20095000       0.03500179 
           1            0             6            2       0.19975000       0.01548564 
           1            3             4            2       0.28180000       0.12317800 
           1            3             5            2       0.29520000       0.06491240 
           1            3             6            2       0.35080000       0.00735391 
           2            0             4            2       0.60940000       0.01272792 
           2            0             5            2       0.36265000       0.00912168 
           2            0             6            2       0.35530000       0.00353553 
           2            3             4            2       0.71110000       0.06024550 
           2            3             5            2       0.80710000       0.11525841 
           2            3             6            2       0.77105000       0.04787113 
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Table 3a: Data analysis of chlorophyll concentration for week 1 and 2, Exp 2 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0: 0 mg/L N and 1: 150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.34126597       7.72         1         4    0.0499 
         Pillai's Trace              0.65873403       7.72         1         4    0.0499  
         Hotelling-Lawley Trace      1.93026581       7.72         1         4    0.0499 
         Roy's Greatest Root         1.93026581       7.72         1         4    0.0499 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.31735735       8.60         1         4    0.0427 
         Pillai's Trace              0.68264265       8.60         1         4    0.0427 
         Hotelling-Lawley Trace      2.15102203       8.60         1         4    0.0427 
         Roy's Greatest Root         2.15102203       8.60         1         4    0.0427 
 
 
    MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.08853433      41.18         1         4    0.0030 
         Pillai's Trace              0.91146567      41.18         1         4    0.0030 
         Hotelling-Lawley Trace     10.29505383      41.18         1         4    0.0030 
         Roy's Greatest Root        10.29505383      41.18         1         4    0.0030 
 
                                      The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.63932018      0.63932018     332.81    <.0001 
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       Treatment                    1      0.38641764      0.38641764     201.16    0.0001 
       Plant*Treatment              1      0.00000163      0.00000163       0.00    0.9782 
       Error                        4      0.00768381      0.00192095 
 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                 TotalChl1       TotalChl2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.59525000      0.50185000 
                        1        1              0.80960000      0.90785000 
                        2        0              1.04525000      0.85015000 
                        2        1              1.25120000      1.26710000 
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Table 3b: Data analysis of chlorophyll concentration for week 1 and week 3, Exp 2 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0: 0 mg/L N and 1: 150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.84336672      0.84336672     245.68    <.0001 
       Treatment                    1      0.69122596      0.69122596     201.36    <.0001 
       Week                         1      0.01630729      0.01630729       4.75    0.0609 
       Plant*Treatment              1      0.08985006      0.08985006      26.17    0.0009 
       Treatment*Week               1      0.16900321      0.16900321      49.23    0.0001 
       Plant*Week                   1      0.00071556      0.00071556       0.21    0.6601 
       Plant*Treatment*Week         1      0.09495642      0.09495642      27.66    0.0008 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       0.59525000       0.02100107 
           1            0             3            2       0.46655000       0.05579073 
           1            1             1            2       0.80960000       0.00777817 
           1            1             3            2       0.78385000       0.09637865 
           2            0             1            2       1.04525000       0.08011520 
           2            0             3            2       0.63515000       0.06385174 
           2            1             1            2       1.25120000       0.05784133 
           2            1             3            2       1.56035000       0.02679935 
Table 3c: Data analysis of chlorophyll concentration for week 2 and 3, Exp 2 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0: 0 mg/L N and 1: 150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.68281301      0.68281301     294.44    <.0001 
       Treatment                    1      1.06652093      1.06652093     459.91    <.0001 
       Week                         1      0.00164228      0.00164228       0.71    0.4245 
       Plant*Treatment              1      0.09574383      0.09574383      41.29    0.0002 
       Treatment*Week               1      0.04400555      0.04400555      18.98    0.0024 
       Plant*Week                   1      0.01410750      0.01410750       6.08    0.0389 
       Plant*Treatment*Week         1      0.08908733      0.08908733      38.42    0.0003 
 
                                        The GLM Procedure 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       0.50185000       0.00770746 
           1            0             3            2       0.46655000       0.05579073 
           1            1             2            2       0.90785000       0.00572756 
           1            1             3            2       0.78385000       0.09637865 
           2            0             2            2       0.85015000       0.00360624 
           2            0             3            2       0.63515000       0.06385174 
           2            1             2            2       1.26710000       0.03535534 
           2            1             3            2       1.56035000       0.02679935 
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Table 4a: Data analysis of chlorophyll concentration for week 4 and week 5, Exp 2 (Plant 1- 
P.parviflorus and 2- P. ambiguus, Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L 
N and 3: 0-150 mg/ L N) 
                                     The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.84689785      1.84689785     291.54    <.0001 
       Treatment                    3      7.27986884      2.42662295     383.05    <.0001 
       Plant*Treatment              3      0.45842661      0.15280887      24.12    0.0002 
       Error                        8      0.05067973      0.00633497 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalChl1       TotalChl2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.21700000      0.23520000 
                        1        1              0.76045000      0.91080000 
                        1        2              0.93530000      1.34800000 
                        1        3              0.30245000      0.28785000 
                        2        0              0.60740000      0.35150000 
                        2        1              1.39490000      0.95175000 
                        2        2              2.00255000      2.03310000 
                        2        3              0.70305000      0.79665000 
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Table 4b: Data analysis of chlorophyll concentration for week 4, week 5 and week 6, Exp 2 
(Plant 1- P.parviflorus and 2- P. ambiguus, Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-
150 mg/L N and 3: 0-150 mg/ L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.02439685      59.98         2         3    0.0038 
         Pillai's Trace              0.97560315      59.98         2         3    0.0038 
         Hotelling-Lawley Trace     39.98890585      59.98         2         3    0.0038 
         Roy's Greatest Root        39.98890585      59.98         2         3    0.0038 
 
 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.04782475      29.86         2         3    0.0105 
         Pillai's Trace              0.95217525      29.86         2         3    0.0105 
         Hotelling-Lawley Trace     19.90967428      29.86         2         3    0.0105 
         Roy's Greatest Root        19.90967428      29.86         2         3    0.0105 
 
 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.06455451      21.74         2         3    0.0164 
         Pillai's Trace              0.93544549      21.74         2         3    0.0164 
         Hotelling-Lawley Trace     14.49078466      21.74         2         3    0.0164 
         Roy's Greatest Root        14.49078466      21.74         2         3    0.0164 
 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
 MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant*Treatment Effect 
                        H = Type III SSCP Matrix for week*Plant*Treatment 
                                      E = Error SSCP Matrix 
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                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.05139267      27.69         2         3    0.0117 
         Pillai's Trace              0.94860733      27.69         2         3    0.0117 
         Hotelling-Lawley Trace     18.45802603      27.69         2         3    0.0117 
         Roy's Greatest Root        18.45802603      27.69         2         3    0.0117 
 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      2.21968673      2.21968673     688.76    <.0001 
       Treatment                    1      3.00715922      3.00715922     933.11    <.0001 
       Plant*Treatment              1      0.22241451      0.22241451      69.01    0.0011 
       Error                        4      0.01289085      0.00322271 
                                       The GLM Procedure 
                                       Least Squares Means 
                                         TotalChl1       TotalChl2       TotalChl3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              0.76045000      0.91080000      0.32925000 
                1        2              0.93530000      1.34800000      1.26345000 
                2        1              1.39490000      0.95175000      0.90095000 
                2        2              2.00255000      2.03310000      1.91340000 
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Table 4c: Data analysis of chlorophyll concentration for week 4, week 5 and week 6, Exp 2 
(Plant 1- P.parviflorus and 2- P. ambiguus, Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-
150 mg/L N and 3: 0-150 mg/ L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.63596193      0.63596193     170.63    <.0001 
       Treatment                    1      0.24369411      0.24369411      65.38    <.0001 
       Week                         2      0.00711152      0.00355576       0.95    0.4126 
       Plant*Treatment              1      0.08213400      0.08213400      22.04    0.0005 
       Treatment*Week               2      0.03721596      0.01860798       4.99    0.0264 
       Plant*Week                   2      0.01659922      0.00829961       2.23    0.1505 
       Plant*Treatment*Week         2      0.03973639      0.01986820       5.33    0.0220 
 
                                        The GLM Procedure 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       0.21700000       0.04002224 
           1            0             5            2       0.23520000       0.02305168 
           1            0             6            2       0.23320000       0.00608112 
           1            3             4            2       0.30245000       0.14686608 
           1            3             5            2       0.28785000       0.05890199 
           1            3             6            2       0.34870000       0.01187939 
           2            0             4            2       0.60740000       0.01216224 
           2            0             5            2       0.35150000       0.00735391 
           2            0             6            2       0.35220000       0.01117229 
           2            3             4            2       0.70305000       0.04914392 
           2            3             5            2       0.79665000       0.11943034 
           2            3             6            2       0.76700000       0.01923330 
Table 5a: Data analysis of leaf area for week 2 and week 3, Experiment 1 
 
          Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      869.955025      869.955025      33.46    0.0004 
       Treatment                    1     1864.080625     1864.080625      71.70    <.0001 
       Week                         1        4.141225        4.141225       0.16    0.7002 
       Plant*Treatment              1      713.691225      713.691225      27.45    0.0008 
       Treatment*Week               1      253.924225      253.924225       9.77    0.0141 
       Plant*Week                   1       24.850225       24.850225       0.96    0.3569 
 
                                         The GLM Procedure 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
           1            0             2            2       22.4800000       6.53366666 
           1            0             3            2       14.1800000       2.95570635 
           1            1             2            2       23.8850000       0.26162951 
           1            1             3            2       29.2350000       7.19127596 
           2            0             2            2       22.5200000       2.37587878 
           2            0             3            2       16.9200000       9.44694660 
           2            1             2            2       48.3550000       2.31223917 
           2            1             3            2       60.9750000       2.12839141 
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Table 6a: Data analysis of leaf area for week 1 and 2, Experiment 2 
          MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect                                             
                               H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.08689574      42.03         1         4    0.0029 
         Pillai's Trace              0.91310426      42.03         1         4    0.0029 
         Hotelling-Lawley Trace     10.50804407      42.03         1         4    0.0029 
         Roy's Greatest Root        10.50804407      42.03         1         4    0.0029 
                             Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     239.2822266     239.2822266       5.63    0.0765  
       Treatment                    1     197.6484516     197.6484516       4.65    0.0972 
       Plant*Treatment              1     225.1125141     225.1125141       5.30    0.0828 
       Error                        4     169.9171188      42.4792797 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                Totalarea1      Totalarea2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              10.1975000      24.0550000 
                        1        1              10.6700000      22.6375000 
                        2        0              11.6775000      23.0400000 
                        2        1              15.2550000      48.5250000 
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Table 6b: Data analysis of Leaf area for week 1 and week 3, Experiment 2 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      27.8256250      27.8256250       7.70    0.0241 
       Treatment                    1     191.9610250     191.9610250      53.11    <.0001 
       Week                         1     185.5044000     185.5044000      51.32    <.0001 
       Plant*Treatment              1       0.1722250       0.1722250       0.05    0.8327 
       Treatment*Week               1      96.0400000      96.0400000      26.57    0.0009 
       Plant*Week                   1       0.6241000       0.6241000       0.17    0.6887 
       Plant*Treatment*Week         1       7.2361000       7.2361000       2.00    0.1948 
 
                                         The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       10.2000000       0.59396970 
           1            0             3            2       11.1600000       0.29698485 
           1            1             1            2       10.6750000       1.22329473 
           1            1             3            2       24.1250000       3.24562013 
           2            0             1            2       11.6800000       2.92742207 
           2            0             3            2       14.5400000       0.90509668 
           2            1             1            2       15.2600000       1.18793939 
           2            1             3            2       25.2300000       2.37587878 
Table 6c: Data analysis of leaf area for week 2 and week 3, Experiment 2 
     
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      27.8256250      27.8256250       7.70    0.0241 
       Treatment                    1     191.9610250     191.9610250      53.11    <.0001 
       Week                         1     185.5044000     185.5044000      51.32    <.0001 
       Plant*Treatment              1       0.1722250       0.1722250       0.05    0.8327 
       Treatment*Week               1      96.0400000      96.0400000      26.57    0.0009 
       Plant*Week                   1       0.6241000       0.6241000       0.17    0.6887 
       Plant*Treatment*Week         1       7.2361000       7.2361000       2.00    0.1948 
 
                                        The GLM Procedure 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       10.2000000       0.59396970 
           1            0             3            2       11.1600000       0.29698485 
           1            1             1            2       10.6750000       1.22329473 
           1            1             3            2       24.1250000       3.24562013 
           2            0             1            2       11.6800000       2.92742207 
           2            0             3            2       14.5400000       0.90509668 
           2            1             1            2       15.2600000       1.18793939 
           2            1             3            2       25.2300000       2.37587878 
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Table 7a: Data analysis of leaf area for week 4 and 5, Exp 1 
        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.17901994      36.69         1         8    0.0003 
         Pillai's Trace              0.82098006      36.69         1         8    0.0003 
         Hotelling-Lawley Trace      4.58596988      36.69         1         8    0.0003 
         Roy's Greatest Root         4.58596988      36.69         1         8    0.0003 
   MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.15620293      14.41         3         8    0.0014 
         Pillai's Trace              0.84379707      14.41         3         8    0.0014 
         Hotelling-Lawley Trace      5.40192844      14.41         3         8    0.0014 
         Roy's Greatest Root         5.40192844      14.41         3         8    0.0014 
 
 
  MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant*Treatment 
Effect 
                        H = Type III SSCP Matrix for week*Plant*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.23096972       8.88         3         8    0.0063 
         Pillai's Trace              0.76903028       8.88         3         8    0.0063 
         Hotelling-Lawley Trace      3.32957180       8.88         3         8    0.0063 
         Roy's Greatest Root         3.32957180       8.88         3         8    0.0063 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     1373.142013     1373.142013       6.11    0.0386 
       Treatment                    3     9448.095625     3149.365208      14.01    0.0015 
       Plant*Treatment              3     1736.511612      578.837204       2.57    0.1267 
       Error                        8     1798.386850      224.798356 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                Totalarea1      Totalarea2 
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                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              12.4950000      13.0850000 
                        1        1              36.1250000      19.9900000 
                        1        2              44.0400000      22.8300000 
                        1        3              12.6850000       7.6650000 
                        2        0              16.9800000      13.3650000 
                        2        1              84.8500000      23.2500000 
                        2        2              64.3300000      60.7700000 
                        2        3               5.2550000       4.9250000 
 
 
 
 
 
Table 8a: Data analysis of leaf area of week 4 and 5, Experiment 2  
                            Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      585.033770      585.033770       6.60    0.0332 
       Treatment                    3     6229.127277     2076.375759      23.43    0.0003 
       Plant*Treatment              3      470.299415      156.766472       1.77    0.2307 
       Error                        8      709.083019       88.635377 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                Totalarea1      Totalarea2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              11.7775000      11.3875000 
                        1        1              35.6725000      36.7225000 
                        1        2              30.2700000      37.6925000 
                        1        3               8.4325000      20.6950000 
                        2        0              15.7100000      13.4150000 
                        2        1              54.8300000      30.8475000 
                        2        2              56.9375000      54.1825000 
                        2        3              15.3275000      19.8125000 
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Table 7b: Data analysis of leaf area week 4, 5 and 6, Experiment 1 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.04571437      31.31         2         3    0.0098 
         Pillai's Trace              0.95428563      31.31         2         3    0.0098 
         Hotelling-Lawley Trace     20.87495807      31.31         2         3    0.0098 
         Roy's Greatest Root        20.87495807      31.31         2         3    0.0098 
 
 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.10297790      13.07         2         3    0.0330 
         Pillai's Trace              0.89702210      13.07         2         3    0.0330 
         Hotelling-Lawley Trace      8.71082107      13.07         2         3    0.0330 
         Roy's Greatest Root         8.71082107      13.07         2         3    0.0330 
 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     2125.154400     2125.154400       3.56    0.1324 
       Treatment                    1      484.022017      484.022017       0.81    0.4190  
       Plant*Treatment              1      120.870817      120.870817       0.20    0.6762 
       Error                        4     2390.681700      597.670425 
 
                                       The GLM Procedure 
                                       Least Squares Means 
                                       Totalarea1      Totalarea2      Totalarea3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              36.1250000      19.9900000      27.1400000 
                1        2              44.0400000      22.8300000      29.8650000 
                2        1              84.8500000      23.2500000      18.1500000 
                2        2              64.3300000      60.7700000      41.5600000 
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Table 8b: Data analysis of leaf area for week 4, 5 and 6, Experiment 2 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.61260252       0.95         2         3    0.4795 
         Pillai's Trace              0.38739748       0.95         2         3    0.4795  
         Hotelling-Lawley Trace      0.63237984       0.95         2         3    0.4795 
         Roy's Greatest Root         0.63237984       0.95         2         3    0.4795 
 
                                     The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     942.3186760     942.3186760       6.09    0.0692 
       Treatment                    1     204.1958344     204.1958344       1.32    0.3148  
       Plant*Treatment              1     135.3987510     135.3987510       0.87    0.4027 
       Error                        4     619.3861042     154.8465260 
                                       The GLM Procedure 
                                       Least Squares Means 
                                        Totalarea1      Totalarea2      Totalarea3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              35.6725000      36.7225000      28.8400000 
                1        2              30.2700000      37.6925000      36.5225000 
                2        1              54.8300000      30.8475000      38.9025000 
                2        2              56.9375000      54.1825000      45.2125000 
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Table 7c: Data analysis of leaf area of week 4, 5 and 6, Experiment 1 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      33.0762760      33.0762760       4.97    0.0457 
       Treatment                    1      57.6755010      57.6755010       8.66    0.0123 
       Week                         2     141.9068896      70.9534448      10.66    0.0022 
       Plant*Treatment              1       0.6550510       0.6550510       0.10    0.7592 
       Treatment*Week               2     128.1205646      64.0602823       9.62    0.0032 
       Plant*Week                   2     164.2087271      82.1043635      12.33    0.0012 
       Plant*Treatment*Week         2     218.0617521     109.0308760      16.37    0.0004 
 
                                  The GLM Procedure 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       12.4925000       4.21082088 
           1            0             5            2       13.0825000       2.13899801 
           1            0             6            2       13.2900000       0.42426407 
           1            3             4            2       12.6825000       0.22980970 
           1            3             5            2        7.6600000       1.97282792 
           1            3             6            2        8.2300000       3.01934596 
           2            0             4            2       16.9800000       1.18793939 
           2            0             5            2       13.3625000       0.44194174 
           2            0             6            2       14.5750000       2.18495995 
           2            3             4            2        5.2525000       2.39355645 
           2            3             5            2        4.9200000       0.06363961 
           2            3             6            2       26.4350000       5.67806745 
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Table 8c: Data analysis of leaf area of week 4, 5 and 6, Experiment 2 
       
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     393.8220167     393.8220167       2.29    0.1565 
       Treatment                    1     493.0453500     493.0453500       2.86    0.1165 
       Week                         2     186.3096083      93.1548042       0.54    0.5959 
       Plant*Treatment              1     209.9233500     209.9233500       1.22    0.2914 
       Treatment*Week               2     536.7507250     268.3753625       1.56    0.2504 
       Plant*Week                   2     336.5395583     168.2697792       0.98    0.4047 
       Plant*Treatment*Week         2     426.4965750     213.2482875       1.24    0.3246 
 
                                       The GLM Procedure 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       11.7800000        4.8083261 
           1            0             5            2       11.3900000        4.8931789 
           1            0             6            2        8.7350000        1.7182695 
           1            3             4            2        8.4350000        5.5507882 
           1            3             5            2       20.6950000        0.6151829 
           1            3             6            2       12.2250000        1.3647161 
           2            0             4            2       15.7150000        1.5344217 
           2            0             5            2       13.4150000        5.1972348 
           2            0             6            2        9.3350000        2.1991021 
           2            3             4            2       15.3300000        0.8202439 
           2            3             5            2       19.8150000        9.1287485 
           2            3             6            2       48.2600000       43.2042243 
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Table 9a: Data analysis of cytokinins deactivation products, week 1 and 2 repeated measures 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 
150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.66714669       2.00         1         4    0.2306 
         Pillai's Trace              0.33285331       2.00         1         4    0.2306 
         Hotelling-Lawley Trace      0.49892072       2.00         1         4    0.2306 
         Roy's Greatest Root         0.49892072       2.00         1         4    0.2306 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     936.5338161     936.5338161      85.66    0.0008 
       Treatment                    1     286.5146963     286.5146963      26.21    0.0069 
       Plant*Treatment              1      49.3401583      49.3401583       4.51    0.1008 
       Error                        4      43.7313068      10.9328267 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0               5.3309150       3.7745000 
                        1        1              10.5269500       8.4809550 
                        2        0              16.5060000      16.1780000 
                        2        1              22.2050000      34.4300000 
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Table 9b: Date analysis cytokinin, deactivation products, week 1and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     337.8244000     337.8244000      32.81    0.0004 
       Treatment                    1       3.2041000       3.2041000       0.31    0.5922 
       Week                         1      64.0000000      64.0000000       6.22    0.0373 
       Plant*Treatment              1       4.4732250       4.4732250       0.43    0.5283 
       Treatment*Week               1      82.9010250      82.9010250       8.05    0.0219 
       Plant*Week                   1      20.0256250      20.0256250       1.95    0.2006 
       Plant*Treatment*Week         1       6.8644000       6.8644000       0.67    0.4378 
                                         
                                   The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2        5.3300000       3.06884343 
           1            0             3            2        6.8100000       5.16187950 
           1            1             1            2       10.5250000       1.30814755 
           1            1             3            2        5.5200000       2.10717821 
           2            0             1            2       16.5050000       5.29622979 
           2            0             3            2       16.1300000       0.22627417 
           2            1             1            2       22.2050000       1.06773124 
           2            1             3            2       10.1050000       3.30218867 
 
 
 
 
 
 
158 
 
Table 9c: Data analysis of cytokinins, deactivation products, week 2 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
         Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
         Plant                        1     682.5503717     682.5503717      68.25    <.0001 
         Treatment                    1      61.1975297      61.1975297       6.12    0.0385 
         Week                         1     147.6011168     147.6011168      14.76    0.0049 
         Plant*Treatment              1      19.4116464      19.4116464       1.94    0.2010 
         Treatment*Week               1     229.1172650     229.1172650      22.91    0.0014 
         Plant*Week                   1     149.3975732     149.3975732      14.94    0.0048 
         Plant*Treatment*Week         1      83.4907995      83.4907995       8.35    0.0202 
 
                                          The GLM Procedure 
 
             Level of     Level of      Level of           -----------TotalCyt---------- 
             Plant        Treatment     Week         N             Mean          Std Dev 
 
             1            0             2            2        3.7735000       0.88459058 
             1            0             3            2        6.8100000       5.16612214 
             1            1             2            2        8.4816550       3.73316318 
             1            1             3            2        5.5188650       2.10779339 
             2            0             2            2       16.1761500       1.48471211 
             2            0             3            2       16.1271500       0.22337503 
             2            1             2            2       34.4275000       4.58558748 
             2            1             3            2       10.1045500       3.29730963 
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Table 10a: Data analysis of cytokinins, deactivation products, week 4 and 5 repeated measures 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 
150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.38947285      12.54         1         8    0.0076 
         Pillai's Trace              0.61052715      12.54         1         8    0.0076 
         Hotelling-Lawley Trace      1.56757304      12.54         1         8    0.0076 
         Roy's Greatest Root         1.56757304      12.54         1         8    0.0076 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.21599500       9.68         3         8    0.0049 
         Pillai's Trace              0.78400500       9.68         3         8    0.0049 
         Hotelling-Lawley Trace      3.62973681       9.68         3         8    0.0049 
         Roy's Greatest Root         3.62973681       9.68         3         8    0.0049 
                          
                        Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     468.3330125     468.3330125      98.62    <.0001 
       Treatment                    3     318.0039250     106.0013083      22.32    0.0003 
       Plant*Treatment              3     350.4267625     116.8089208      24.60    0.0002 
       Error                        8      37.9915000       4.7489375 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0               8.6300000      13.7550000 
                        1        1               3.8450000       2.1000000 
                        1        2               5.5600000       3.5350000 
                        1        3               5.7650000      10.4850000 
                        2        0               7.4150000       9.8350000 
                        2        1              15.5350000      11.8400000 
                        2        2               9.4100000      13.6800000 
                        2        3              15.0350000      32.1350000 
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Table 10b: Data analysis of cytokinins, deactivation products, week 4, 5 and 6 repeated 
measures of 150-0 mg/L and 150-150 mg/L (Plant 1: Plectranthus parviflorus and 2: 
Plectranthus ambiguus; Treatment 1: 150-0 mg/L N and  2: 150-150 mg/L N  
       MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr> F 
 
Wilks' Lambda               0.55251158       1.21         2         3    0.4107 
Pillai's Trace              0.44748842       1.21         2         3    0.4107 
Hotelling-Lawley Trace      0.80991681       1.21         2         3    0.4107 
Roy's Greatest Root         0.80991681       1.21         2         3    0.4107 
 
                                     The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr> F 
 
       Plant                        1     434.9462042     434.9462042     131.26    0.0003 
       Treatment                    1       0.0715042       0.0715042       0.02    0.8903 
       Plant*Treatment              1      19.2783375      19.2783375       5.82    0.0734 
       Error                        4      13.2544167       3.3136042 
                                       The GLM Procedure 
                                       Least Squares Means 
                                         TotalCyt1       TotalCyt2       TotalCyt3 
                Plant    Treatment          LSMEAN          LSMEANLSMEAN 
 
                1        1               3.8450000       2.1000000       2.1750000 
                1        2               5.5600000       3.5350000       4.0750000 
                2        1              15.5350000      11.8400000      11.6650000 
                2        2               9.4100000      13.6800000      10.2450000 
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Table 10c: Data anlaysis of cytokinins, deactivation products, week 4, 5 and 6, treatment 0-0 
mg/L and 0-150 mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; 
Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      66.2340375      66.2340375      12.71    0.0039 
       Treatment                    1      43.0140375      43.0140375       8.25    0.0140 
       Week                         2     333.2325250     166.6162625      31.97    <.0001 
       Plant*Treatment              1     128.4825375     128.4825375      24.66    0.0003 
       Treatment*Week               2     179.1606250      89.5803125      17.19    0.0003 
       Plant*Week                   2     140.4951750      70.2475875      13.48    0.0009 
       Plant*Treatment*Week         2     287.7595750     143.8797875      27.61    <.0001 
 
                                  The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2        8.6300000       1.95161472 
           1            0             5            2       13.7550000       2.92035101 
           1            0             6            2        9.5050000       0.37476659 
           1            3             4            2        5.7650000       1.29400541 
           1            3             5            2       10.4850000       1.11015765 
           1            3             6            2        9.7900000       0.21213203 
           2            0             4            2        7.4150000       2.25567063 
           2            0             5            2        9.8350000       1.91625938 
           2            0             6            2       10.7250000       0.75660426 
           2            3             4            2       15.0350000       4.27799603 
           2            3             5            2       32.1350000       4.16485894 
           2            3             6            2        2.7200000       1.45663997 
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Table 11a: Data analysis of storage forms of cytokinins, week 1 and 2, repeated measures (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N, 1: 150 mg/L 
N) 
       MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.16313039      20.52         1         4    0.0106 
         Pillai's Trace              0.83686961      20.52         1         4    0.0106 
         Hotelling-Lawley Trace      5.13006550      20.52         1         4    0.0106 
         Roy's Greatest Root         5.13006550      20.52         1         4    0.0106 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.20274252      15.73         1         4    0.0166 
         Pillai's Trace              0.79725748      15.73         1         4    0.0166 
         Hotelling-Lawley Trace      3.93236453      15.73         1         4    0.0166 
         Roy's Greatest Root         3.93236453      15.73         1         4    0.0166 
                         
                             Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     2802.712422     2802.712422     170.98    0.0002 
       Treatment                    1      758.680199      758.680199      46.28    0.0024 
       Plant*Treatment              1      233.901848      233.901848      14.27    0.0195 
       Error                        4       65.569320       16.392330 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0               4.4652000       4.2750000 
                        1        1               8.9115000      12.0790000 
                        2        0              12.7670000      33.6200000 
                        2        1              32.6100000      56.6150000 
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Table 11b: Data analysis of storage forms of cytokinins, week 1 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N, 1: 150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     1168.101506     1168.101506      23.54    0.0013 
       Treatment                    1      757.488006      757.488006      15.27    0.0045 
       Week                         1      416.262006      416.262006       8.39    0.0200 
       Plant*Treatment              1       51.948056       51.948056       1.05    0.3362 
       Treatment*Week               1       10.449056       10.449056       0.21    0.6585 
       Plant*Week                   1        4.741506        4.741506       0.10    0.7651 
       Plant*Treatment*Week         1       67.117056       67.117056       1.35    0.2783 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2        4.4650000        1.2232947 
           1            0             3            2        7.8650000        6.9225754 
           1            1             1            2        8.9100000        4.0729351 
           1            1             3            2       23.7350000       10.4298250 
           2            0             1            2       12.7650000       10.0621295 
           2            0             3            2       26.5350000        7.3468395 
           2            1             1            2       32.6100000        4.6527626 
           2            1             3            2       41.4200000        6.7316566 
Table 11c: Data analysis of storage forms of cytokinins, week 2 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N, 1: 150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     3037.938806     3037.938806      83.18    <.0001 
       Treatment                    1      947.254506      947.254506      25.94    0.0009 
       Week                         1       12.372806       12.372806       0.34    0.5766 
       Plant*Treatment              1       50.445506       50.445506       1.38    0.2737 
       Treatment*Week               1        0.000506        0.000506       0.00    0.9971 
       Plant*Week                   1      352.031406      352.031406       9.64    0.0146 
       Plant*Treatment*Week         1       65.407656       65.407656       1.79    0.2176 
        
                                    The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2        4.2750000        1.4637110 
           1            0             3            2        7.8650000        6.9225754 
           1            1             2            2       12.0800000        3.5779603 
           1            1             3            2       23.7350000       10.4298250 
           2            0             2            2       33.6200000        2.7294322 
           2            0             3            2       26.5350000        7.3468395 
           2            1             2            2       56.6150000        3.7123106 
           2            1             3            2       41.4200000        6.731656 
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Table 12a: Data analysis of storage forms of cytokinins, week 4 and 5 repeated measures (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 150-0 
mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
       MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.26495313      22.19         1         8    0.0015 
         Pillai's Trace              0.73504687      22.19         1         8    0.0015 
         Hotelling-Lawley Trace      2.77425251      22.19         1         8    0.0015 
         Roy's Greatest Root         2.77425251      22.19         1         8    0.0015 
    MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.38218500       4.31         3         8    0.0437 
         Pillai's Trace              0.61781500       4.31         3         8    0.0437 
         Hotelling-Lawley Trace      1.61653389       4.31         3         8    0.0437 
         Roy's Greatest Root         1.61653389       4.31         3         8    0.0437 
 
                            Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     1157.630062     1157.630062      33.75    0.0004 
       Treatment                    3     1601.108936      533.702979      15.56    0.0011 
       Plant*Treatment              3       87.775264       29.258421       0.85    0.5032 
       Error                        8      274.389982       34.298748 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0               7.7030000       3.2966000 
                        1        1              29.1150000      13.4950000 
                        1        2              18.3650000      14.4900000 
                        1        3               9.0671000       2.0370000 
                        2        0              15.9225000      13.7795000 
                        2        1              43.3050000      28.5450000 
                        2        2              29.2150000      20.0400000 
                        2        3              19.9720000      23.0240000 
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Table 12b: Data analysis of storage forms of cytokinins,  week 4, 5 and 6, treatment 150-0 mg/L 
and 150-150 mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 
1: 150-0 mg/L N and  2: 150-150 mg/L N) 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.04047942      35.56         2         3    0.0081 
         Pillai's Trace              0.95952058      35.56         2         3    0.0081 
         Hotelling-Lawley Trace     23.70391273      35.56         2         3    0.0081 
         Roy's Greatest Root        23.70391273      35.56         2         3    0.0081 
The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     707.5507227     707.5507227      16.67    0.0151 
       Treatment                    1     118.7527082     118.7527082       2.80    0.1697 
       Plant*Treatment              1     131.4705660     131.4705660       3.10    0.1532 
       Error                        4     169.7324117      42.4331029 
                                       The GLM Procedure 
                                       Least Squares Means 
                                         TotalCyt1       TotalCyt2       TotalCyt3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              29.1150000      13.4950000       7.5035000 
                1        2              18.3650000      14.4900000      17.9550000 
                2        1              43.3050000      28.5450000      24.8845000 
                2        2              29.2150000      20.0400000      20.0900000 
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Table 12c: Data analysis of cytokinins, storage forms, week 4, 5 and 6, 0-0 mg/L and 0-150 
mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N 
and 3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     1118.758247     1118.758247      28.15    0.0002 
       Treatment                    1      213.837639      213.837639       5.38    0.0388 
       Week                         2       30.466682       15.233341       0.38    0.6897 
       Plant*Treatment              1      108.329530      108.329530       2.73    0.1246 
       Treatment*Week               2       84.042465       42.021232       1.06    0.3776 
       Plant*Week                   2       50.258142       25.129071       0.63    0.5482 
       Plant*Treatment*Week         2       26.152573       13.076287       0.33    0.7259 
 
                                     The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2        7.7030000        6.3738605 
           1            0             5            2        3.2966000        2.1122694 
           1            0             6            2        2.2066500        1.2652262 
           1            3             4            2        9.0671000       11.0208249 
           1            3             5            2        2.0370000        0.6915504 
           1            3             6            2        7.2645000        1.3498668 
           2            0             4            2       15.9225000        2.6891271 
           2            0             5            2       13.7795000        8.7829733 
           2            0             6            2       11.7220000        9.4469466 
           2            3             4            2       19.9720000        2.6191235 
           2            3             5            2       23.0240000        0.2503158 
           2            3             6            2       29.0850000       11.2217846 
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Table 13a: Data analysis of the physiologically active cytokinins, week 1 and 2 repeated forms 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 
150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.99328888       0.03         1         4    0.8774 
         Pillai's Trace              0.00671112       0.03         1         4    0.8774 
         Hotelling-Lawley Trace      0.00675647       0.03         1         4    0.8774 
         Roy's Greatest Root         0.00675647       0.03         1         4    0.8774 
                        Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      6.38193906      6.38193906       6.74    0.0603 
       Treatment                    1     33.24329649     33.24329649      35.09    0.0041 
       Plant*Treatment              1      0.25522704      0.25522704       0.27    0.6311 
       Error                        4      3.78916655      0.94729164 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.71345000      0.48510000 
                        1        1              3.68305000      3.78640000 
                        2        0              1.86500000      2.36500000 
                        2        1              4.82350000      4.66700000 
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Table 13b: Data analysis of the physiologically active cytokinins, week 1 and 3 ANOVA (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      3.58572096      3.58572096       4.48    0.0671 
       Treatment                    1     50.86899006     50.86899006      63.60    <.0001 
       Week                         1      2.56576324      2.56576324       3.21    0.1111 
       Plant*Treatment              1      0.00768252      0.00768252       0.01    0.9243 
       Treatment*Week               1      1.44997722      1.44997722       1.81    0.2151 
       Plant*Week                   1      0.15872256      0.15872256       0.20    0.6678 
       Plant*Treatment*Week         1      0.00585990      0.00585990       0.01    0.9339 
                                         
                                    The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       0.71345000       0.05593215 
           1            0             3            2       1.07320000       0.43953758 
           1            1             1            2       3.68305000       0.88381277 
           1            1             3            2       5.32350000       0.46174073 
           2            0             1            2       1.86500000       0.64912403 
           2            0             3            2       1.90290000       0.32399633 
           2            1             1            2       4.82350000       1.59876843 
           2            1             3            2       5.98900000       1.45805418 
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Table 13c: Data analysis of cytokinins, physiologically active forms, week 2 and 3 ANOVA 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 
150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      4.52774562      4.52774562       8.17    0.0212 
       Treatment                    1     48.57880902     48.57880902      87.70    <.0001 
       Week                         1      2.22770550      2.22770550       4.02    0.0798 
       Plant*Treatment              1      0.33843306      0.33843306       0.61    0.4569 
       Treatment*Week               1      1.86745890      1.86745890       3.37    0.1037 
       Plant*Week                   1      0.40024602      0.40024602       0.72    0.4200 
       Plant*Treatment*Week         1      0.17434800      0.17434800       0.31    0.5901 
 
                                   The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       0.48510000       0.07636753 
           1            0             3            2       1.07320000       0.43953758 
           1            1             2            2       3.78640000       0.73878516 
           1            1             3            2       5.32350000       0.46174073 
           2            0             2            2       2.36500000       0.14990664 
           2            0             3            2       1.90290000       0.32399633 
           2            1             2            2       4.66700000       1.10450079 
           2            1             3            2       5.98900000       1.45805418 
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Table 14a: Data analysis of the physiologically active cytokinin, week 4 and 5 repeated 
measures (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 
mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.75917263       2.54         1         8    0.1498 
         Pillai's Trace              0.24082737       2.54         1         8    0.1498 
         Hotelling-Lawley Trace      0.31722347       2.54         1         8    0.1498 
         Roy's Greatest Root         0.31722347       2.54         1         8    0.1498 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.97309113      1.97309113       0.92    0.3661 
       Treatment                    3     39.23017393     13.07672464       6.08    0.0184 
       Plant*Treatment              3      1.88916249      0.62972083       0.29    0.8295 
       Error                        8     17.19423953      2.14927994 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              1.21655000      0.64800000 
                        1        1              5.44250000      2.25550000 
                        1        2              4.52650000      4.23100000 
                        1        3              3.51355000      2.79865000 
                        2        0              1.19900000      0.79140000 
                        2        1              3.64735000      2.49550000 
                        2        2              3.43150000      3.04050000 
                        2        3              2.31450000      3.73950000 
 
 
171 
 
Table 14b: Data analysis of the physiologically active cytokinins, week 4, 5 and 6, 150-0 mg/L 
and 150-150 mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 
1: 150-0 mg/L N and 2: 150-150 mg/L N) 
        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.07014693      19.88         2         3    0.0186 
         Pillai's Trace              0.92985307      19.88         2         3    0.0186 
         Hotelling-Lawley Trace     13.25579236      19.88         2         3    0.0186 
         Roy's Greatest Root        13.25579236      19.88         2         3    0.0186 
 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      9.01649451      9.01649451       9.11    0.0392 
       Treatment                    1      3.40973894      3.40973894       3.44    0.1371 
       Plant*Treatment              1      2.27599686      2.27599686       2.30    0.2041 
       Error                        4      3.96015902      0.99003976 
                                        The GLM Procedure 
                                       Least Squares Means 
                                         TotalCyt1       TotalCyt2       TotalCyt3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              5.44250000      2.25550000      1.48025000 
                1        2              4.52650000      4.23100000      4.53000000 
                2        1              3.64735000      2.49550000      1.20550000 
                2        2              3.43150000      3.04050000      1.29020000 
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Table 14c: Data analysis of the physiologically active cytokinins, week 4, 5 and 6, 0-0 mg/L and 
0-150 mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 
mg/L N and 3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.00525992      0.00525992       0.00    0.9602 
       Treatment                    1     34.96075509     34.96075509      17.27    0.0013 
       Week                         2      0.51955910      0.25977955       0.13    0.8808 
       Plant*Treatment              1      0.01484540      0.01484540       0.01    0.9332 
       Treatment*Week               2      1.69284081      0.84642041       0.42    0.6676 
       Plant*Week                   2      1.37064689      0.68532345       0.34    0.7194 
       Plant*Treatment*Week         2      1.00475266      0.50237633       0.25    0.7842 
 
                                      The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       1.21655000       0.64551778 
           1            0             5            2       0.64800000       0.41436457 
           1            0             6            2       0.78530000       0.08244865 
           1            3             4            2       3.51355000       3.76103026 
           1            3             5            2       2.79865000       1.36096842 
           1            3             6            2       3.72850000       0.14637110 
           2            0             4            2       1.19900000       0.28567114 
           2            0             5            2       0.79140000       0.22146584 
           2            0             6            2       0.89750000       0.32880465 
           2            3             4            2       2.31450000       0.75589715 
           2            3             5            2       3.73950000       1.64402327 
           2            3             6            2       3.92630000       2.04170012 
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Table 15a: Data analysis of cytokinins biological precursors week 1 and 2 repeated measures 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 
150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.28760893       9.91         1         4    0.0346   
         Pillai's Trace              0.71239107       9.91         1         4    0.0346 
         Hotelling-Lawley Trace      2.47694349       9.91         1         4    0.0346 
         Roy's Greatest Root         2.47694349       9.91         1         4    0.0346 
 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.20733810      15.29         1         4    0.0174 
         Pillai's Trace              0.79266190      15.29         1         4    0.0174 
         Hotelling-Lawley Trace      3.82304020      15.29         1         4    0.0174 
         Roy's Greatest Root         3.82304020      15.29         1         4    0.0174 
                    
                   Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      6.99271914      6.99271914      11.83    0.0263 
       Treatment                    1     64.49495327     64.49495327     109.08    0.0005 
       Plant*Treatment              1      1.27492327      1.27492327       2.16    0.2159 
       Error                        4      2.36508706      0.59127177 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.09500000      0.04425000 
                        1        1              1.90650000      5.13450000 
                        2        0              1.11550000      0.53900000 
                        2        1              4.11950000      6.69500000 
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Table 15 b: Data analysis of cytokinins biological precursors, week 1 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      4.66668006      4.66668006       3.44    0.1009 
       Treatment                    1     65.58975156     65.58975156      48.29    0.0001 
       Week                         1      5.58258756      5.58258756       4.11    0.0772 
       Plant*Treatment              1      1.24266756      1.24266756       0.91    0.3668 
       Treatment*Week               1     10.77973056     10.77973056       7.94    0.0226 
       Plant*Week                   1      1.15186556      1.15186556       0.85    0.3840 
       Plant*Treatment*Week         1      0.00604506      0.00604506       0.00    0.9484 
 
                                     The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       0.09500000       0.09192388 
           1            0             3            2       0.13250000       0.13081475 
           1            1             1            2       1.90650000       0.58901995 
           1            1             3            2       5.30500000       2.42537626 
           2            0             1            2       1.11550000       1.57755523 
           2            0             3            2       0.15750000       0.22273864 
           2            1             1            2       4.11950000       1.30036937 
           2            1             3            2       6.36700000       0.61801133 
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Table 15 c: Data analysis of cytokinins biological precursors, week 2 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       2.4684338       2.4684338       2.88    0.1283 
       Treatment                    1     128.0094245     128.0094245     149.16    <.0001 
       Week                         1       0.0507939       0.0507939       0.06    0.8139 
       Plant*Treatment              1       1.1053894       1.1053894       1.29    0.2893 
       Treatment*Week               1       0.0046070       0.0046070       0.01    0.9434 
       Plant*Week                   1       0.2343770       0.2343770       0.27    0.6154 
       Plant*Treatment*Week         1       0.0002066       0.0002066       0.00    0.9880 
 
                                   The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       0.04425000       0.00601041 
           1            0             3            2       0.13250000       0.13081475 
           1            1             2            2       5.13450000       0.07707464 
           1            1             3            2       5.30500000       2.42537626 
           2            0             2            2       0.53900000       0.53881537 
           2            0             3            2       0.15750000       0.22273864 
           2            1             2            2       6.69500000       0.48790368 
           2            1             3            2       6.36700000       0.61801133 
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Table 16a: Data analysis of cytokinins, biological precursors, week 4 and 5 repeated analysis 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 
150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.31471381      17.42         1         8    0.0031 
         Pillai's Trace              0.68528619      17.42         1         8    0.0031 
         Hotelling-Lawley Trace      2.17749007      17.42         1         8    0.0031 
         Roy's Greatest Root         2.17749007      17.42         1         8    0.0031 
  The SAS System        11:32 Tuesday, August 24, 2010   3 
 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.23404316      26.18         1         8    0.0009 
         Pillai's Trace              0.76595684      26.18         1         8    0.0009 
         Hotelling-Lawley Trace      3.27271624      26.18         1         8    0.0009 
         Roy's Greatest Root         3.27271624      26.18         1         8    0.0009 
 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.08187735      29.90         3         8    0.0001 
         Pillai's Trace              0.91812265      29.90         3         8    0.0001 
         Hotelling-Lawley Trace     11.21339037      29.90         3         8    0.0001 
         Roy's Greatest Root        11.21339037      29.90         3         8    0.0001 
 
 
 MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant*Treatment Effect 
                        H = Type III SSCP Matrix for week*Plant*Treatment 
                                      E = Error SSCP Matrix 
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                                       S=1    M=0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.19329336      11.13         3         8    0.0032 
         Pillai's Trace              0.80670664      11.13         3         8    0.0032 
         Hotelling-Lawley Trace      4.17348339      11.13         3         8    0.0032 
         Roy's Greatest Root         4.17348339      11.13         3         8    0.0032 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.03674760      0.03674760       0.10    0.7651 
       Treatment                    3     24.64188017      8.21396006      21.37    0.0004 
       Plant*Treatment              3      0.72646476      0.24215492       0.63    0.6159 
       Error                        8      3.07551485      0.38443936 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
  
                        1        0              0.06050000      0.06000000 
                        1        1              2.18600000      1.34900000 
                        1        2              2.37300000      2.67000000 
                        1        3              0.06340000      1.10910000 
                        2        0              0.15100000      0.06300000 
                        2        1              3.62100000      0.27220000 
                        2        2              3.61000000      0.64600000 
                        2        3              0.31300000      1.73700000 
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Table 16b: Data analysis of cytokinins biological precursors, 150-0 mg/L and 150-150 mg/L 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 1: 150-0 mg/L N 
and 2: 150-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.00218662     684.49         2         3    0.0001 
         Pillai's Trace              0.99781338     684.49         2         3    0.0001 
         Hotelling-Lawley Trace    456.32750175     684.49         2         3    0.0001 
         Roy's Greatest Root       456.32750175     684.49         2         3    0.0001 
 
 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.00330107     452.90         2         3    0.0002 
         Pillai's Trace              0.99669893     452.90         2         3    0.0002 
         Hotelling-Lawley Trace    301.93250903     452.90         2         3    0.0002 
         Roy's Greatest Root       301.93250903     452.90         2         3    0.0002 
     
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.02136731      68.70         2         3    0.0031 
         Pillai's Trace              0.97863269      68.70         2         3    0.0031 
         Hotelling-Lawley Trace     45.80046355      68.70         2         3    0.0031 
         Roy's Greatest Root        45.80046355      68.70         2         3    0.0031 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
 MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant*Treatment Effect 
                        H = Type III SSCP Matrix for week*Plant*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
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         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.09770228      13.85         2         3    0.0305 
         Pillai's Trace              0.90229772      13.85         2         3    0.0305 
         Hotelling-Lawley Trace      9.23517608      13.85         2         3    0.0305 
         Roy's Greatest Root         9.23517608      13.85         2         3    0.0305 
 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      0.66893526      0.66893526       2.24    0.2091 
       Treatment                    1      6.23138886      6.23138886      20.84    0.0103 
       Plant*Treatment              1      1.47550086      1.47550086       4.93    0.0905 
       Error                        4      1.19619331      0.29904833 
                                        The GLM Procedure 
                                       Least Squares Means 
                                         TotalCyt1       TotalCyt2       TotalCyt3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              2.18600000      1.34900000      0.28200000 
                1        2              2.37300000      2.67000000      3.31900000 
                2        1              3.62100000      0.27220000      0.40980000 
                2        2              3.61000000      0.64600000      1.61660000 
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Table 16c: Data analysis of cytokinins biological precursors, 0-0 mg/L and 0-150 mg/L (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N and 3: 0-150 
mg/L N) 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.35199307      1.35199307       3.62    0.0815 
       Treatment                    1     11.30294925     11.30294925      30.23    0.0001 
       Week                         2      7.90419797      3.95209898      10.57    0.0023 
       Plant*Treatment              1      0.84363750      0.84363750       2.26    0.1589 
       Treatment*Week               2      6.71429012      3.35714506       8.98    0.0041 
       Plant*Week                   2      0.66670440      0.33335220       0.89    0.4355 
       Plant*Treatment*Week         2      0.43862702      0.21931351       0.59    0.5714 
 
                                     The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       0.06050000       0.08555992 
           1            0             5            2       0.06000000       0.01994041 
           1            0             6            2       0.10785000       0.04263854 
           1            3             4            2       0.06340000       0.05741707 
           1            3             5            2       1.10910000       0.72110750 
           1            3             6            2       2.04850000       0.13930004 
           2            0             4            2       0.15100000       0.21354625 
           2            0             5            2       0.06300000       0.08909545 
           2            0             6            2       0.31350000       0.05727565 
           2            3             4            2       0.31300000       0.13152186 
           2            3             5            2       1.73700000       1.44674047 
           2            3             6            2       3.72000000       1.32936075 
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Table 17a: Data analysis of cis- zeatin derivatives cytokinins, week 1 and 2 repeated measures 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 
150 mg/L N) 
        MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.74187689       1.39         1         4    0.3035 
         Pillai's Trace              0.25812311       1.39         1         4    0.3035  
         Hotelling-Lawley Trace      0.34793254       1.39         1         4    0.3035 
         Roy's Greatest Root         0.34793254       1.39         1         4    0.3035 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     1760.431806     1760.431806      11.97    0.0258 
       Treatment                    1      258.646806      258.646806       1.76    0.2554 
       Plant*Treatment              1      354.474756      354.474756       2.41    0.1955 
       Error                        4      588.219725      147.054931 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              11.3950000      10.2200000 
                        1        1              14.5000000       9.8600000 
                        2        0              44.4350000      37.9650000 
                        2        1              23.6750000      23.8150000 
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Table 17b: Data analysis of cis-zeatin derivatives cytokinins, Week 1 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     2200.782656     2200.782656      57.16    <.0001 
       Treatment                    1     1420.347656     1420.347656      36.89    0.0003 
       Week                         1       26.240006       26.240006       0.68    0.4330 
       Plant*Treatment              1     1199.756406     1199.756406      31.16    0.0005 
       Treatment*Week               1      401.301056      401.301056      10.42    0.0121 
       Plant*Week                   1       22.066506       22.066506       0.57    0.4707 
       Plant*Treatment*Week         1      116.046756      116.046756       3.01    0.1208 
 
                                     The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       11.3950000        7.0357125 
           1            0             3            2       11.1150000        7.1912760 
           1            1             1            2       14.5000000        1.7677670 
           1            1             3            2        4.9600000        1.1455130 
           2            0             1            2       44.4350000        7.5731136 
           2            0             3            2       59.6250000       10.9530840 
           2            1             1            2       23.6750000        4.7871129 
           2            1             3            2        8.0600000        1.4566400 
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Table 17c: Data analysis of cis-zeatin derivatives cytokinins, Week 2 and 3 ANOVA (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     2176.689025     2176.689025      23.65    0.0013 
       Treatment                    1     1304.293225     1304.293225      14.17    0.0055 
       Week                         1        0.902500        0.902500       0.01    0.9236 
       Plant*Treatment              1      876.160000      876.160000       9.52    0.0150 
       Treatment*Week               1      466.776025      466.776025       5.07    0.0544   
       Plant*Week                   1       24.552025       24.552025       0.27    0.6195 
       Plant*Treatment*Week         1      249.956100      249.956100       2.72    0.1380 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       10.2200000        5.3598694 
           1            0             3            2       11.1150000        7.1912760 
           1            1             2            2        9.8600000        3.2385491 
           1            1             3            2        4.9600000        1.1455130 
           2            0             2            2       37.9650000       15.4785674 
           2            0             3            2       59.6250000       10.9530840 
           2            1             2            2       23.8150000       16.8079282 
           2            1             3            2        8.0600000        1.4566400 
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Table 18a: Data analysis of cis-zeatin derivatives cytokinins, Week 4 and 5 repeated measures 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 
150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.99994816       0.00         1         8    0.9843 
         Pillai's Trace              0.00005184       0.00         1         8    0.9843   
         Hotelling-Lawley Trace      0.00005185       0.00         1         8    0.9843 
         Roy's Greatest Root         0.00005185       0.00         1         8    0.9843 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     5856.230616     5856.230616     181.55    <.0001 
       Treatment                    3     5546.676465     1848.892155      57.32    <.0001 
       Plant*Treatment              3     2145.416743      715.138914      22.17    0.0003 
       Error                        8      258.056394       32.257049 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalCyt1       TotalCyt2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              15.7775000      17.6445000 
                        1        1               5.2025000       4.1211500 
                        1        2               6.2495500       3.6407000 
                        1        3              13.8064500      13.3081000 
                        2        0              43.5050000      67.2440000 
                        2        1              18.7930000      20.4620000 
                        2        2              10.6517000      14.0420000 
                        2        3              73.8225000      47.6785000 
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Table 18b: Data analysis of cis-zeatin derivatives cytokinins, Week 4 and 5 repeated measures, 
150-0 mg/L and 150-150 mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; 
Treatment 1: 150-0 mg/L N and 2: 150-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.03358942      43.16         2         3    0.0062 
         Pillai's Trace              0.96641058      43.16         2         3    0.0062 
         Hotelling-Lawley Trace     28.77127880      43.16         2         3    0.0062 
         Roy's Greatest Root        28.77127880      43.16         2         3    0.0062 
 
 
      MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant Effect 
                             H = Type III SSCP Matrix for week*Plant 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.08154346      16.90         2         3    0.0233 
         Pillai's Trace              0.91845654      16.90         2         3    0.0233 
         Hotelling-Lawley Trace     11.26339891      16.90         2         3    0.0233 
         Roy's Greatest Root        11.26339891      16.90         2         3    0.0233 
     
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Treatment Effect 
                           H = Type III SSCP Matrix for week*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.06266993      22.43         2         3    0.0157 
         Pillai's Trace              0.93733007      22.43         2         3    0.0157 
         Hotelling-Lawley Trace     14.95661639      22.43         2         3    0.0157 
         Roy's Greatest Root        14.95661639      22.43         2         3    0.0157 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
 
 MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week*Plant*Treatment Effect 
                        H = Type III SSCP Matrix for week*Plant*Treatment 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
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         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.04322855      33.20         2         3    0.0090 
         Pillai's Trace              0.95677145      33.20         2         3    0.0090 
         Hotelling-Lawley Trace     22.13285859      33.20         2         3    0.0090 
         Roy's Greatest Root        22.13285859      33.20         2         3    0.0090 
   
                                        
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     1328.124841     1328.124841      21.94    0.0094 
       Treatment                    1      185.883806      185.883806       3.07    0.1546 
       Plant*Treatment              1      190.220249      190.220249       3.14    0.1509 
       Error                        4      242.098189       60.524547 
                                       The GLM Procedure 
                                       Least Squares Means 
                                         TotalCyt1       TotalCyt2       TotalCyt3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1               5.2025000       4.1211500       4.2872000 
                1        2               6.2495500       3.6407000       3.9142500 
                2        1              18.7930000      20.4620000      35.8815000 
                2        2              10.6517000      14.0420000      16.8530000 
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Table 18c: Data analysis of cytokinins, cis-zeatin derivatives, Week 4 and 5 ANOVA, 0-0 mg/L 
and 0-150 mg/L (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 
0-0 mg/L N and 3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     7162.090621     7162.090621     135.01    <.0001 
       Treatment                    1      487.327505      487.327505       9.19    0.0104 
       Week                         2      879.792258      439.896129       8.29    0.0055 
       Plant*Treatment              1      174.779686      174.779686       3.29    0.0946 
       Treatment*Week               2     1912.276312      956.138156      18.02    0.0002 
       Plant*Week                   2      845.983932      422.991966       7.97    0.0063 
       Plant*Treatment*Week         2     1684.751051      842.375526      15.88    0.0004 
 
                                     The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalCyt---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       15.7775000        2.0470741 
           1            0             5            2       17.6445000       13.7440345 
           1            0             6            2       17.1292500        0.4628014 
           1            3             4            2       13.8064500        1.9000666 
           1            3             5            2       13.3081000        2.3446247 
           1            3             6            2       12.5915000        1.0656099 
           2            0             4            2       43.5050000        8.5376073 
           2            0             5            2       67.2440000        2.4946727 
           2            0             6            2       59.6430000       15.5323076 
           2            3             4            2       73.8225000        6.2967859 
           2            3             5            2       47.6785000        8.4874027 
           2            3             6            2        5.6625000        0.9821713 
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Table 19a: Data analysis of leaf area for cytokinin samples week 2 and 3, Experiment 1 (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L 
N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      66.9124000      66.9124000       1.96    0.1994 
       Treatment                    1     645.6681000     645.6681000      18.88    0.0025 
       Week                         1      14.1376000      14.1376000       0.41    0.5382 
       Plant*Treatment              1     140.3040250     140.3040250       4.10    0.0774 
       Treatment*Week               1       4.6440250       4.6440250       0.14    0.7221 
       Plant*Week                   1      37.8840250      37.8840250       1.11    0.3233 
       Plant*Treatment*Week         1     268.3044000     268.3044000       7.85    0.0232 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       18.9450000        2.9769195 
           1            0             3            2       10.8750000        0.9404520 
           1            1             2            2       16.4600000        0.2969848 
           1            1             3            2       26.9250000        6.1023315 
           2            0             2            2       12.0000000        1.9657569 
           2            0             3            2       14.1550000        1.0677312 
           2            1             2            2       37.7400000       14.7643896 
           2            1             3            2       25.6700000        1.8809040 
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Table 20a: Data analysis of leaf area for cytokinin samples,week 4 and 5 repeated measures , 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 
mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.99496689       0.04         1         8    0.8456 
         Pillai's Trace              0.00503311       0.04         1         8    0.8456 
         Hotelling-Lawley Trace      0.00505857       0.04         1         8    0.8456 
         Roy's Greatest Root         0.00505857       0.04         1         8    0.8456 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1364.24761      1364.24761      10.48    0.0119 
       Treatment                    3     10302.25283      3434.08428      26.38    0.0002 
       Plant*Treatment              3      1792.05626       597.35209       4.59    0.0377 
       Error                        8      1041.51440       130.18930 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                Totalarea1      Totalarea2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              10.4050000      10.4800000 
                        1        1              21.5700000      27.9600000 
                        1        2              34.1200000      37.5700000 
                        1        3              11.6050000       9.2750000 
                        2        0              11.9600000       9.5850000 
                        2        1              54.6500000      47.4500000 
                        2        2              66.0700000      64.6750000 
                        2        3               7.3050000       5.7600000 
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Table 20b: Data analysis of leaf area for cytokinin samples,week 4, 5 and 6 repeated measures, 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 
mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.20376492       5.86         2         3    0.0920 
         Pillai's Trace              0.79623508       5.86         2         3    0.0920 
         Hotelling-Lawley Trace      3.90761608       5.86         2         3    0.0920 
         Roy's Greatest Root         3.90761608       5.86         2         3    0.0920 
 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1     2072.599204     2072.599204       8.50    0.0434 
       Treatment                    1      881.972504      881.972504       3.62    0.1299 
       Plant*Treatment              1        3.642604        3.642604       0.01    0.9086 
       Error                        4      975.149383      243.787346 
                                        The GLM Procedure 
                                       Least Squares Means 
                                        Totalarea1      Totalarea2      Totalarea3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              21.5700000      27.9600000      25.4550000 
                1        2              34.1200000      37.5700000      37.3300000 
                2        1              54.6500000      47.4500000      26.3050000 
                2        2              66.0700000      64.6750000      36.3700000 
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Table 20c: Data analysis of leaf area for cytokinin samples,week 4, 5 and 6 ANOVA, 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 
mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       3.8320042       3.8320042       0.32    0.5797 
       Treatment                    1      12.4560042      12.4560042       1.05    0.3250 
       Week                         2     156.7077083      78.3538542       6.63    0.0115 
       Plant*Treatment              1       1.6276042       1.6276042       0.14    0.7171 
       Treatment*Week               2     152.8814083      76.4407042       6.46    0.0124 
       Plant*Week                   2      12.4443583       6.2221792       0.53    0.6039 
       Plant*Treatment*Week         2      33.2563583      16.6281792       1.41    0.2828 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             4            2       10.4050000       2.83549819 
           1            0             5            2       10.4800000       5.06288455 
           1            0             6            2       11.2650000       2.38294985 
           1            3             4            2       11.6050000       3.30218867 
           1            3             5            2        9.2750000       0.43133514 
           1            3             6            2       17.1550000       8.87419010 
           2            0             4            2       11.9600000       1.72534055 
           2            0             5            2        9.5850000       2.45366053 
           2            0             6            2        9.7700000       0.97580736 
           2            3             4            2        7.3050000       1.42128463 
           2            3             5            2        5.7600000       0.11313708 
           2            3             6            2       21.0100000       0.86267027 
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Table 21a: Data analysis of chlorophyll, week 1 and 2 repeated measures, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.34328308       7.65         1         4    0.0505 
         Pillai's Trace              0.65671692       7.65         1         4    0.0505 
         Hotelling-Lawley Trace      1.91304776       7.65         1         4    0.0505 
         Roy's Greatest Root         1.91304776       7.65         1         4    0.0505 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.81407227      1.81407227    2840.55    <.0001 
       Treatment                    1      0.19880452      0.19880452     311.30    <.0001 
       Plant*Treatment              1      0.06313913      0.06313913      98.87    0.0006 
       Error                        4      0.00255454      0.00063863 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalChl1       TotalChl2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.35860000      0.50590000 
                        1        1              0.65115000      0.91050000 
                        2        0              1.37965000      1.08300000 
                        2        1              1.13300000      1.52425000 
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Table 21b: Data analysis of chlorophyll, week 3 and 4 repeated measures, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.76152049       1.25         1         4    0.3257 
         Pillai's Trace              0.23847951       1.25         1         4    0.3257 
         Hotelling-Lawley Trace      0.31316231       1.25         1         4    0.3257 
         Roy's Greatest Root         0.31316231       1.25         1         4    0.3257 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.80573125      1.80573125     568.87    <.0001 
       Treatment                    1      1.21710540      1.21710540     383.43    <.0001 
       Plant*Treatment              1      0.02643063      0.02643063       8.33    0.0448 
       Error                        4      0.01269701      0.00317425 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                 TotalChl3       TotalChl4 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.30450000      0.23650000 
                        1        1              0.72530000      0.75635000 
                        2        0              0.88520000      0.83700000 
                        2        1              1.47490000      1.51310000 
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Table 21c: Data analysis of chlorophyll, week 1 and 3 ANOVA, Experiment 1 (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      2.00675556      2.00675556     490.17    <.0001 
       Treatment                    1      0.27899524      0.27899524      68.15    <.0001 
       Week                         1      0.00438906      0.00438906       1.07    0.3308 
       Plant*Treatment              1      0.03428052      0.03428052       8.37    0.0201 
       Treatment*Week               1      0.23261329      0.23261329      56.82    <.0001 
       Plant*Week                   1      0.00744769      0.00744769       1.82    0.2143 
       Plant*Treatment*Week         1      0.12535140      0.12535140      30.62    0.0006 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       0.35860000       0.00961665 
           1            0             3            2       0.30450000       0.07749890 
           1            1             1            2       0.65115000       0.06059905 
           1            1             3            2       0.72530000       0.03238549 
           2            0             1            2       1.37965000       0.14672466 
           2            0             3            2       0.88520000       0.01951615 
           2            1             1            2       1.13300000       0.00282843 
           2            1             3            2       1.47490000       0.00395980 
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Table 21d: Data analysis of chlorophyll, week 2 and 3 ANOVA, Experiment 1 (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.58904933      1.58904933     724.80    <.0001 
       Treatment                    1      0.86150883      0.86150883     392.95    <.0001 
       Week                         1      0.10040977      0.10040977      45.80    0.0001 
       Plant*Treatment              1      0.01056270      0.01056270       4.82    0.0595 
       Treatment*Week               1      0.00677741      0.00677741       3.09    0.1168 
       Plant*Week                   1      0.00486158      0.00486158       2.22    0.1748 
       Plant*Treatment*Week         1      0.00437252      0.00437252       1.99    0.1956 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       0.50590000       0.00608112 
           1            0             3            2       0.30450000       0.07749890 
           1            1             2            2       0.91050000       0.00905097 
           1            1             3            2       0.72530000       0.03238549 
           2            0             2            2       1.08300000       0.09984348 
           2            0             3            2       0.88520000       0.01951615 
           2            1             2            2       1.52425000       0.00007071 
           2            1             3            2       1.47490000       0.00395980 
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Table 21e: Data analysis of chlorophyll, week 1 and 4 ANOVA, Experiment 1 (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      2.04511451      2.04511451     506.43    <.0001 
       Treatment                    1      0.38554786      0.38554786      95.47    <.0001 
       Week                         1      0.00805058      0.00805058       1.99    0.1957 
       Plant*Treatment              1      0.03666268      0.03666268       9.08    0.0167 
       Treatment*Week               1      0.33065375      0.33065375      81.88    <.0001 
       Plant*Week                   1      0.00530348      0.00530348       1.31    0.2849 
       Plant*Treatment*Week         1      0.12091268      0.12091268      29.94    0.0006 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       0.35860000       0.00961665 
           1            0             4            2       0.23650000       0.05091169 
           1            1             1            2       0.65115000       0.06059905 
           1            1             4            2       0.75635000       0.01053589 
           2            0             1            2       1.37965000       0.14672466 
           2            0             4            2       0.83700000       0.05260874 
           2            1             1            2       1.13300000       0.00282843 
           2            1             4            2       1.51310000       0.03917372 
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Table 21f: Data analysis of chlorophyll, week 2 and 4 ANOVA, Experiment 1 (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 mg/L 
N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      1.62320340      1.62320340     759.71    <.0001 
       Treatment                    1      1.04223681      1.04223681     487.80    <.0001 
       Week                         1      0.11583812      0.11583812      54.22    <.0001 
       Plant*Treatment              1      0.00930260      0.00930260       4.35    0.0704 
       Treatment*Week               1      0.03064250      0.03064250      14.34    0.0053 
       Plant*Week                   1      0.00692224      0.00692224       3.24    0.1096 
       Plant*Treatment*Week         1      0.00357604      0.00357604       1.67    0.2319 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       0.50590000       0.00608112 
           1            0             4            2       0.23650000       0.05091169 
           1            1             2            2       0.91050000       0.00905097 
           1            1             4            2       0.75635000       0.01053589 
           2            0             2            2       1.08300000       0.09984348 
           2            0             4            2       0.83700000       0.05260874 
           2            1             2            2       1.52425000       0.00007071 
           2            1             4            2       1.51310000       0.03917372 
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Table 22a: Data analysis of chlorophyll, week 5 and 6 repeated measures, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 150-0 
mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.89850192       0.90         1         8    0.3696 
         Pillai's Trace              0.10149808       0.90         1         8    0.3696 
         Hotelling-Lawley Trace      0.11296368       0.90         1         8    0.3696 
         Roy's Greatest Root         0.11296368       0.90         1         8    0.3696 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      3.30341382      3.30341382    21911.1    <.0001 
       Treatment                    3      3.52236403      1.17412134    7787.77    <.0001 
       Plant*Treatment              3      0.01806245      0.00602082      39.94    <.0001 
       Error                        8      0.00120612      0.00015076 
                                        The GLM Procedure 
                                       Least Squares Means 
                                                 TotalChl1       TotalChl2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              0.18140000      0.16760000 
                        1        1              0.87445000      0.77905000 
                        1        2              1.03950000      1.05110000 
                        1        3              0.45455000      0.51840000 
                        2        0              0.87000000      0.81585000 
                        2        1              1.54810000      1.51440000 
                        2        2              1.65270000      1.67230000 
                        2        3              1.04645000      1.08700000 
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Table 22b: Data analysis of chlorophyll, week 5, 6 and 7 repeated measures, Experiment 1 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 1: 150-0 mg/L N 
and 2: 150-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.53022641       1.33         2         3    0.3861 
         Pillai's Trace              0.46977359       1.33         2         3    0.3861 
         Hotelling-Lawley Trace      0.88598679       1.33         2         3    0.3861 
         Roy's Greatest Root         0.88598679       1.33         2         3    0.3861 
 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      2.57677067      2.57677067    3418.30    <.0001 
       Treatment                    1      0.29614817      0.29614817     392.86    <.0001 
       Plant*Treatment              1      0.01503002      0.01503002      19.94    0.0111 
       Error                        4      0.00301527      0.00075382 
                                        The GLM Procedure 
                                       Least Squares Means 
                                         TotalChl1       TotalChl2       TotalChl3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              0.87445000      0.77905000      0.74710000 
                1        2              1.03950000      1.05110000      1.12665000 
                2        1              1.54810000      1.51440000      1.45425000 
                2        2              1.65270000      1.67230000      1.70810000 
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Table 22c: Data analysis of chlorophyll, week 5, 6 and 7 ANOVA, Experiment 1 (Plant 1: 
Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N and 3: 0-150 
mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      2.25492051      2.25492051    11087.5    <.0001 
       Treatment                    1      0.61795713      0.61795713    3038.50    <.0001 
       Week                         2      0.00214149      0.00107074       5.26    0.0228 
       Plant*Treatment              1      0.00600084      0.00600084      29.51    0.0002 
       Treatment*Week               2      0.04118185      0.02059092     101.25    <.0001 
       Plant*Week                   2      0.00254398      0.00127199       6.25    0.0138 
       Plant*Treatment*Week         2      0.00193644      0.00096822       4.76    0.0301 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           -----------TotalChl---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             5            2       0.18140000       0.00749533 
           1            0             6            2       0.16760000       0.00070711 
           1            0             7            2       0.14900000       0.00650538 
           1            3             5            2       0.45455000       0.00487904 
           1            3             6            2       0.51840000       0.01060660 
           1            3             7            2       0.58270000       0.03125412 
           2            0             5            2       0.87000000       0.00141421 
           2            0             6            2       0.81585000       0.00106066 
           2            0             7            2       0.74615000       0.01435427 
           2            3             5            2       1.04645000       0.01336432 
           2            3             6            2       1.08700000       0.02375879 
           2            3             7            2       1.16645000       0.01661701 
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Table 23a: Data analysis of leaf area of chlorophyll, week 1 and 2 repeated measures, 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 
mg/L N and 1: 150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=1 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.06376971      58.73         1         4    0.0016 
         Pillai's Trace              0.93623029      58.73         1         4    0.0016 
         Hotelling-Lawley Trace     14.68142696      58.73         1         4    0.0016 
         Roy's Greatest Root        14.68142696      58.73         1         4    0.0016 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      3.03630625      3.03630625       0.19    0.6879 
       Treatment                    1      0.25755625      0.25755625       0.02    0.9059 
       Plant*Treatment              1     11.97160000     11.97160000       0.74    0.4392 
       Error                        4     65.02016250     16.25504063 
                                        The GLM Procedure 
                                       Least Squares Means 
 
                                                Totalarea1      Totalarea2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0              12.0350000      23.9750000 
                        1        1              16.7675000      23.2100000 
                        2        0              13.6000000      24.1275000 
                        2        1               8.8750000      25.9000000 
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Table 23b: Data analysis of leaf area of chlorophyll,week 3 and 4 repeated measures, 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 
mg/L N and 1: 150 mg/L N) 
           MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                  H = Type III SSCP Matrix for week 
                                        E = Error SSCP Matrix 
 
                                         S=1    M=-0.5    N=1 
 
           Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
           Wilks' Lambda               0.89497551       0.47         1         4    0.5309 
           Pillai's Trace              0.10502449       0.47         1         4    0.5309 
           Hotelling-Lawley Trace      0.11734900       0.47         1         4    0.5309 
           Roy's Greatest Root         0.11734900       0.47         1         4    0.5309 
                                          The GLM Procedure 
                                Repeated Measures Analysis of Variance 
                           Tests of Hypotheses for Between Subjects Effects 
 
         Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
         Plant                        1       6.0331641       6.0331641       0.14    0.7243 
         Treatment                    1     981.9605641     981.9605641      23.32    0.0085 
         Plant*Treatment              1     167.7348766     167.7348766       3.98    0.1167 
         Error                        4     168.4310813      42.1077703 
                                          The GLM Procedure 
                                         Least Squares Means 
                                                  Totalarea3      Totalarea4 
                          Plant    Treatment          LSMEAN          LSMEAN 
 
                          1        0              12.5225000      12.6775000 
                          1        1              17.3925000      26.1925000 
                          2        0               7.6575000       7.0475000 
                          2        1              31.5075000      27.4850000 
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Table 23c: Data analysis of leaf area of chlorophyll,week 1 and 3 ANOVA, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       2.1352516       2.1352516       0.10    0.7553 
       Treatment                    1     206.3173141     206.3173141      10.05    0.0132 
       Week                         1      79.2322516      79.2322516       3.86    0.0850 
       Plant*Treatment              1      22.6695016      22.6695016       1.10    0.3240 
       Treatment*Week               1     206.1019141     206.1019141      10.04    0.0132 
       Plant*Week                   1      60.6646266      60.6646266       2.96    0.1239 
       Plant*Treatment*Week         1     202.1728516     202.1728516       9.85    0.0138 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       12.0350000        1.4000714 
           1            0             3            2       12.5225000        3.0794500 
           1            1             1            2       16.7675000        0.6187184 
           1            1             3            2       17.3925000        5.0098515 
           2            0             1            2       13.6000000        3.6133157 
           2            0             3            2        7.6575000        0.6965002 
           2            1             1            2        8.8750000        0.9333810 
           2            1             3            2       31.5075000       10.6242794 
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Table 23d: Data analysis of leaf area of chlorophyll,week 2 and 3ANOVA, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      36.5571391      36.5571391       1.26    0.2947 
       Treatment                    1     220.9310641     220.9310641       7.60    0.0248 
       Week                         1     197.8593891     197.8593891       6.80    0.0312 
       Plant*Treatment              1     115.7507016     115.7507016       3.98    0.0811 
       Treatment*Week               1     191.9956641     191.9956641       6.60    0.0331 
       Plant*Week                   1      10.2640141      10.2640141       0.35    0.5688 
       Plant*Treatment*Week         1      67.5889516      67.5889516       2.32    0.1659 
 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       23.9750000        1.6192745 
           1            0             3            2       12.5225000        3.0794500 
           1            1             2            2       23.2100000        4.4194174 
           1            1             3            2       17.3925000        5.0098515 
           2            0             2            2       24.1275000        0.6045763 
           2            0             3            2        7.6575000        0.6965002 
           2            1             2            2       25.9000000        7.8842406 
           2            1             3            2       31.5075000       10.6242794 
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Table 23e: Data analysis of leaf area of chlorophyll,week 1 and 4 ANOVA, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       2.1352516       2.1352516       0.10    0.7553 
       Treatment                    1     206.3173141     206.3173141      10.05    0.0132 
       Week                         1      79.2322516      79.2322516       3.86    0.0850 
       Plant*Treatment              1      22.6695016      22.6695016       1.10    0.3240 
       Treatment*Week               1     206.1019141     206.1019141      10.04    0.0132 
       Plant*Week                   1      60.6646266      60.6646266       2.96    0.1239 
       Plant*Treatment*Week         1     202.1728516     202.1728516       9.85    0.0138 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             1            2       12.0350000        1.4000714 
           1            0             4            2       12.5225000        3.0794500 
           1            1             1            2       16.7675000        0.6187184 
           1            1             4            2       17.3925000        5.0098515 
           2            0             1            2       13.6000000        3.6133157 
           2            0             4            2        7.6575000        0.6965002 
           2            1             1            2        8.8750000        0.9333810 
           2            1             4            2       31.5075000       10.6242794 
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Table 23f: Data analysis of leaf area of chlorophyll,week 2 and 4 ANOVA, Experiment 1 (Plant 
1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0 mg/L N and 1: 150 
mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      36.5571391      36.5571391       1.26    0.2947 
       Treatment                    1     220.9310641     220.9310641       7.60    0.0248 
       Week                         1     197.8593891     197.8593891       6.80    0.0312 
       Plant*Treatment              1     115.7507016     115.7507016       3.98    0.0811 
       Treatment*Week               1     191.9956641     191.9956641       6.60    0.0331 
       Plant*Week                   1      10.2640141      10.2640141       0.35    0.5688 
       Plant*Treatment*Week         1      67.5889516      67.5889516       2.32    0.1659 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             2            2       23.9750000        1.6192745 
           1            0             4            2       12.5225000        3.0794500 
           1            1             2            2       23.2100000        4.4194174 
           1            1             4            2       17.3925000        5.0098515 
           2            0             2            2       24.1275000        0.6045763 
           2            0             4            2        7.6575000        0.6965002 
           2            1             2            2       25.9000000        7.8842406 
           2            1             4            2       31.5075000       10.6242794 
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Table 24a: Data analysis of leaf area of chlorophyll,week 5 and 6 repeated measures, 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 
mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 3: 0-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=-0.5    N=3 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.94546484       0.46         1         8    0.5161 
         Pillai's Trace              0.05453516       0.46         1         8    0.5161 
         Hotelling-Lawley Trace      0.05768079       0.46         1         8    0.5161 
         Roy's Greatest Root         0.05768079       0.46         1         8    0.5161 
                                        The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       74.725313       74.725313       7.11    0.0286 
       Treatment                    3     4693.481838     1564.493946     148.78    <.0001 
       Plant*Treatment              3      119.875337       39.958446       3.80    0.0582 
       Error                        8       84.125000       10.515625 
                                       The GLM Procedure 
                                       Least Squares Means 
                                                Totalarea1      Totalarea2 
                        Plant    Treatment          LSMEAN          LSMEAN 
 
                        1        0               9.6000000       8.8950000 
                        1        1              36.9850000      27.8400000 
                        1        2              34.9450000      41.6550000 
                        1        3              12.2650000      10.0950000 
                        2        0               9.6850000       8.7650000 
                        2        1              27.7100000      17.8100000 
                        2        2              33.4600000      41.9150000 
                        2        3               9.1400000       9.3450000 
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Table 24b: Data analysis of leaf area of chlorophyll,week 5, 6 and 7 repeated measures, 
Experiment 1 (Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 1: 
150-0 mg/L N and 2: 150-150 mg/L N) 
         MANOVA Test Criteria and Exact F Statistics for the Hypothesis of no week Effect 
                                H = Type III SSCP Matrix for week 
                                      E = Error SSCP Matrix 
 
                                       S=1    M=0    N=0.5 
 
         Statistic                        Value    F Value    Num DF    Den DF    Pr > F 
 
         Wilks' Lambda               0.38591015       2.39         2         3    0.2397 
         Pillai's Trace              0.61408985       2.39         2         3    0.2397 
         Hotelling-Lawley Trace      1.59127673       2.39         2         3    0.2397 
         Roy's Greatest Root         1.59127673       2.39         2         3    0.2397 
 
                                       The GLM Procedure 
                              Repeated Measures Analysis of Variance 
                         Tests of Hypotheses for Between Subjects Effects 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       49.536267       49.536267       1.19    0.3369 
       Treatment                    1     1215.242017     1215.242017      29.16    0.0057 
       Plant*Treatment              1      262.946400      262.946400       6.31    0.0659 
       Error                        4      166.694900       41.673725 
                                        The GLM Procedure 
                                       Least Squares Means 
                                        Totalarea1      Totalarea2      Totalarea3 
                Plant    Treatment          LSMEAN          LSMEAN          LSMEAN 
 
                1        1              36.9850000      27.8400000      23.8550000 
                1        2              34.9450000      41.6550000      34.9150000 
                2        1              27.7100000      17.8100000      14.6800000 
                2        2              33.4600000      41.9150000      47.3800000 
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Table 24c: Data analysis of leaf area of chlorophyll, week 5, 6 and 7 ANOVA, Experiment 1 
(Plant 1: Plectranthus parviflorus and 2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N and 
3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      33.1467510      33.1467510       3.38    0.0910 
       Treatment                    1     218.7386260     218.7386260      22.29    0.0005 
       Week                         2     195.6467437      97.8233719       9.97    0.0028 
       Plant*Treatment              1       6.4740094       6.4740094       0.66    0.4325 
       Treatment*Week               2     307.8538521     153.9269260      15.68    0.0004 
       Plant*Week                   2      23.7261646      11.8630823       1.21    0.3325 
       Plant*Treatment*Week         2       1.7567062       0.8783531       0.09    0.9150 
                                        The GLM Procedure 
 
           Level of     Level of      Level of           ----------Totalarea---------- 
           Plant        Treatment     Week         N             Mean          Std Dev 
 
           1            0             5            2        9.6000000       0.97580736 
           1            0             6            2        8.8925000       1.13490638 
           1            0             7            2        9.5875000       2.47133820 
           1            3             5            2       12.2600000       0.34648232 
           1            3             6            2       10.0900000       0.65760931 
           1            3             7            2       26.9600000       0.13435029 
           2            0             5            2        9.6825000       0.32880465 
           2            0             6            2        8.7625000       2.56326208 
           2            0             7            2        5.7000000       0.65760931 
           2            3             5            2        9.1375000       2.63397276 
           2            3             6            2        9.3425000       2.96631295 
           2            3             7            2       20.6625000       9.27370544 
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Table 25a: Data analysis of dry weight (g), Experiment 1(Plant 1: Plectranthus parviflorus and 
2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 
3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1        1.491512        1.491512       0.34    0.5684 
       Treatment                    3     2017.647348      672.549116     154.43    <.0001 
       Block                        3       19.050133        6.350044       1.46    0.2716 
       Plant*Treatment              3       13.573149        4.524383       1.04    0.4079 
                                        The GLM Procedure 
                                       Least Squares Means 
 
                                                  Totaldrywt1 
                                    Treatment          LSMEAN 
 
                                    0               4.2940000 
                                    1              19.7564375 
                                    2              26.0660625 
                                    3               3.5386250 
 
 
                                                Totaldrywt1 
                                      Plant          LSMEAN 
 
                                      1          13.1058750 
                                      2          13.7216875 
 
 
                                                       Totaldrywt1 
                                Plant    Treatment          LSMEAN 
 
                                1        0               3.2680000 
                                1        1              19.3989375 
                                1        2              25.4560625 
                                1        3               4.3005000 
                                2        0               5.3200000 
                                2        1              20.1139375 
                                2        2              26.6760625 
                                2        3               2.7767500 
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Table 25b: Data analysis of dry weight (g), Experiment 2 (Plant 1: Plectranthus parviflorus and 
2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 
3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1      21.6252440      21.6252440      12.96    0.0032 
       Treatment                    3     335.8681169     111.9560390      67.11    <.0001 
       Block                        3       7.9946124       2.6648708       1.60    0.2379 
       Plant*Treatment              3      10.6275514       3.5425171       2.12    0.1465 
 
                                        The GLM Procedure 
                                       Least Squares Means 
 
                                                  Totaldrywt1 
                                    Treatment          LSMEAN 
 
                                    0               2.8142875 
                                    1               7.6637313 
                                    2              12.8237688 
                                    3               3.1427500 
 
 
                                                Totaldrywt1 
                                      Plant          LSMEAN 
 
                                      1          7.65462500 
                                      2          5.56764375 
 
 
                                                       Totaldrywt1 
                                Plant    Treatment          LSMEAN 
 
                                1        0               3.0520000 
                                1        1               8.2362313 
                                1        2              14.9037688 
                                1        3               4.4265000 
                                2        0               2.5765750 
                                2        1               7.0912313 
                                2        2              10.7437688 
                                2        3               1.8590000 
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Table 25c: Data analysis of dry weight (g), Experiment 3 (Plant 1: Plectranthus parviflorus and 
2: Plectranthus ambiguus; Treatment 0: 0-0 mg/L N, 1: 150-0 mg/L N, 2: 150-150 mg/L N and 
3: 0-150 mg/L N) 
       Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
 
       Plant                        1       58.712560       58.712560       8.28    0.0129 
       Treatment                    3     1622.530076      540.843359      76.29    <.0001 
       Block                        3       29.642416        9.880805       1.39    0.2889 
       Plant*Treatment              3      131.199410       43.733137       6.17    0.0077 
                                        The GLM Procedure 
                                       Least Squares Means 
 
                                                  Totaldrywt1 
                                    Treatment          LSMEAN 
 
                                    0               1.8355000 
                                    1              15.4937500 
                                    2              24.0762500 
                                    3               4.8287500 
 
 
                                                Totaldrywt1 
                                      Plant          LSMEAN 
 
                                      1          13.1541250 
                                      2           9.9630000 
 
 
                                                       Totaldrywt1 
                                Plant    Treatment          LSMEAN 
 
                                1        0               2.6615000 
                                1        1              21.1162500 
                                1        2              21.8337500 
                                1        3               7.0050000 
                                2        0               1.0095000 
                                2        1               9.8712500 
                                2        2              26.3187500 
                                2        3               2.6525000 
 
 
